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Executive Summary 

Under Naval Facilities Engineering Command (NAVFACENGCOM) Chesapeake 

Division Conrracr No. N62477-90-C-0 183, the United States Department ur Navy dir~ted 

Ecology and Environment, Inc. (E & E) to perform a Remedial Investigation/Feasibility Study 

(RI/FS) at the former Naval Training Center - Bainbridge (NTC) in Port Deposit, Maryland. 

NTC - Bainbridge was active as a Navy installation from 194 1 to 1949, 195 1 to 1957, 

and 1962 to 1976. The Navy identified two likely areas of environmental concern. Site 1 was 

the Old Landfill, and Site 2, was the oil separator pit at the Fire Training Area (FTA). 

The first phase of the RI was carried out by E & E in I990 and 199 I. From the results 

of fhis effort, it became apparent that the full nature and extent of contamination had not been 

identified The Navy tasked E &L t to perform supplemental investigations as a second phase RI 

which was conducted between 1993 and 1994. 

The Navy initiated interim remedial measures (IRM) at both sites prior to completion of 

the RI/FS report. IRM refers to all Removal Actions conducted by OHM Remediation Services 

Corporation (OHM), These activities resulted in a change to the basis used for the Human 

Health Risk Assessment (HHRA) and the Ecological Risk Assessment (ERA) at the two RI sites 

and, as a result, has had an impact on the conclusions and recommendations presented in the RI 

report. 

Conclusion of the RI include: 

. that there are no water supply wells. public or private, in the areas impacted by 

either site, but groundwater exposure risk was calculated for possible future users. 

. health effects estimated for the maximum levels found as Site I exceeded the 

Hazard Index (HI) of 1 for future potential use of groundwater. 

. the calculated lifetime risk of cancer from ingestion of groundwater at Site 2 

exceeds IO’. The HI is also much greater than 1. 

The cumulative effect of using conservative assumptions means that the true risks are 

much more likely to be overestimated than underestimated. 

recvcled paper 
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The results of the ecological risk assessment suggest that there may be potential risks to 

benthic invertebrates, fish, and upper trophic predators (birds and mammals) at Site I and 

potential risks to birds and mammals at Site 2. However, there is considerable uncertainty 

associated with this risk assessment. 

It is recommended that both sites should be the subject of a Feasibility Study to consider 

remedial measures to reduce those remaining risks not directly addressed by the IRMs. 
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Introduction 

Under Naval Facilities Engineering Command (NAVFACENGCOM) Chesapeake 

Division Contract NO. N62477-90-C-0 183, the United States Department of Navy directed 

Ecology and Environment, Inc.. (E Sr E) to perform a Remedial Investigation/Feasibility Study 

(RI/FS) at the Naval Training Center (NTC) in Port Deposit, Maryland (see Figure 1 -I ). The 

work was performed in the contest of the Installation Restoration Program (IRP) initiated by the 

Department of Navy as part of the Defense Environmental Restoration Program (DERP) to 

evaluate suspected problems associated with past waste disposal and spill sites at Department of 

Defense installations. 

The NTC at Port Deposit, Maryland. was active as a Navy installation from I94 I to 

1949, I95 I to 1957. and 1962 to 1976. Subsequently, part of the NTC was used as a Job Corps 

Center, operated by the Department of Labor between 1978 and 1990. Through the IRP, the 

Navy identified two likely areas of environmental concern. These were the main locations at 

which hazardous materials or regulated substances historically had been used or deposited at the 

NTC. and at which adverse environmental impact could not be ruled out. Site I was the Old 

Landfill, at which pesticides had been recommended for disposal in a 1968 Atlantic Division 

Naval Facilities Engineering Command report; and Site 2. active since 1944, was the oil 

separator pit at the Fire Training Area (FTA) (Versar 1988). 

Versar. Inc.. was contracted by the Navy in 1987. to perform a hydrogeological 

investigation of both areas. and to prepare a Hazard Ranking System Score for the facility as a 

whole. The field activities were carried out in 1988, and the final report. ffvtlrogcologimi 

Investiption of Wtr.vrc Sites at the Former Naval Training Center. was delivered in 1989 (Versar 

1989). On May 2:. 1990. a site survey was performed by the Naval Energy and Environmental 

Support Activit) (NEESA) which included a review of records and interviews with site 

personnel. This resulted in the release of the Preliminary Assessment Report (NEESA 199 I ). 

The recommendations of this report were that an RI/FS be carried out for Sites I and 2 at the 

NTC to identify and propose appropriate remedial measures. 
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The first phase of the RI was carried out by E & E in I990 and I99 I. From the results 

of this effort, it became apparent that the full extent of contamination had not been delineated for 

either site and <pecificslly that insllfficient information was available as to the potential for off- 

site migration of contaminants in the groundwater. The Maryland Department of the 

Environment (MDE), in a letter of September 15, 1992 (MDE 1992), requested that additional 

effort be undertaken to fill data gaps in the RI, prior to it being accepted as final. The Navy 

tacked E Rr E to perform supplemental investigations under the existing contract, and field work 

for this second phase RI was conducted between I993 and 1994. 

The Navy initiated interim remedial measures (IRM) at both sites prior to completion of 

the RI/FS report. IRM refers to all Removal Actions conducted by OHM Remediation Services 

Corporation (OHM). F rom July 1994 through June 1995, OHM performed delineation of 

contamination, removed contaminated soils and sediment at both sites, capped the Site I landfill. 

and conducted confirmation sampling. These activities resulted in a change to the basis used for 

the Human Health Risk Assessment (HHRA) and the Ecological Risk Assessment (ERA) at the 

two RI sites and, as a result, has had an impact on the conclusions and recommendations 

presented in the ,RI report. 

This report presents the information collected in the field and otherwise by E & E 

through both the first and second phase of RI field activities. Separate discussions focus on Site 

I (the Old Landfill) and Site 2 (former Fire Training Area). The report is organized into eight 

sections, supported by Appendices A through I’. This first section, Introduction, provides 

information on the authority for and scope of the work effort, and general regional and facility- 

specific information pertinent to the two sites. Section 2 reports on the approved field operation 

activities such as the geophysical survey, well installation, sampling and the analytical program. 

Section 3 presents a discussion of the results and provides an interpretation of the data generated 

with respect to Site I. Scctiurl 4 prrxrrts t/x SUII~: infurmatiorl fur site 2. kxtiurl 5 cuntairis the 

baseline HHRA for both Sites I and 2, whereas Section 6 contains the ERA for each site. 

Section 7 presents conclusions and recommrndativns arid Section 8 cvrlsists UT the references 

Llsed in preparing the report. Supporting data and other information are provided as appendices 

in Volume 2 of this reporr. 

1 .I Project Approach 

The project approach used for the second phase of RI/FS activities at the two NTC sites 

was developed through an assessment of data generated by previous site investigations. A 

hydrogeological investigation conducted in 1988 by Versar, Inc. at the two areas of concern 
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provided much of these data. The study concluded that groundwater at Site 1 was contaminated 

by volatile organic compounds (VOCs) and sediments were contaminated with pesticides. At 

Site 2, the investigation had focused mainly on the oil separator pit, and results indicated that a 

ditch draining from the pit into an adjoining creek was contaminated with petroleum 

hydrocarbons, and that polyaromatic hydrocarbons (PAHs) may have entered into groundwater. 

The objectives of the second phase of the RI effort were to address both Site I and 2, 

and assess: 

. contaminant sources; 

. extent of contaminant migration into surrounding media; and 

l potential or actual health and environmental effects of past hazardous 
materials disposal practices at each site. 

To identify contaminant sources. samples of soil and water were taken from alleged 

disposal pits at Site I; and samples of soil, water, and sediment were taken from the oil separator 

and pesticide contaminated areas at Site 2, including from drainage paths leading to the adjoining 

creek. A sotl gas survey was used to assess the potential for subsurface hydrocarbon releases. 

The extent of migration studies included geophysics and fracture trace analysis to locate 

new sites for locating monitoring wells as far downgradtent of Site 1 as was practtcable, and the 

installation of wells and well clusters to delineate vertical and horizontal distribution of 

contaminants in the aquifer. At Site 2, monitoring wells were placed as far downgradtent as was 

practicable to intercept groundwater flow from known areas of contamination. Upgradient and 

downgradient samples of sediment and surface water were collected at both sites. 

Hydraulic head data and hydraulic conductivities were measured to estimate flow 

directions and flow rates at the two sites and water quality and contaminant distribution data 

were used to support or modify these estimates. 

All the field data that remained relevant (i.e., collected from areas not already 

remediated) were used in the human health risk assessment to assess the potential health effects 

of the site-specific contaminants, assuming certain future land use scenarios. The relevant data 

were also used to assess the probable impacts of each site on selected wildlife species. 
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1.2 Regional and Facility Background 

1.2.1 Regional History 

The tuwrl uf Port Deposit gut it5 narnc: from shipping and trans-shipment activities that 

took place there in the mid to late 1800~. Port Deposit served as a junction for commerce up and 

down tile river, a11d db a place whrrc cargo was stored temporarily, before being rransfened, 

primarily from upstream to ocean-going vessels. Virtually all timber cut in the watershed ofthe 

Susquehanna River wab bruught hcrc bcfurc further shipment down the Chesapeake Bay. 

Thousands of “arks,” or large, flat wooden boats, would float down the Susquehanna to deliver 

timber, coal, flour. and whiskey tu Port Deposit. The larger commercial ships sailing up from 

the Chesapeake Bay would load up here, and then deliver their cargo to the larger ports in 

Baltimore, Washingron. and elsewhere. 

By 1860. the town had grown to approximately 2,000 people, with a large number of 

transient residents, and over 70 industries and businesses. As [he logging industry diminished 

and trains replaced river ships as the preferred shipping alternative, Port Deposit began to change 

and to resemble its current profile. The town is I l/4 miles long and less than 400 feet wide. 

Route 222, which is the main street, runs the length of town and parallels the river. There is a 

single row of approximately IO0 houses to the east of Route 222. A 100 to 200 foot bluff to the 

north and the Susquehanna River to the south have prevented development in either direction and 

have served to create the elongated town layout. According to the I990 census, the population of 

Port Deposit is currently 685 (Rand McNally Road Map 1995). 

Perryville. located 5 miles southeast of the NTC, had 2,456 residents in 1990, and is the 

nearest town to Port Deposit with a population greater than 1,000 (Rand McNally Road Map 

1995). 

1.2.2 Facility Description 

The NTC occupies some I.200 acres on the north bank of the Susquehanna River near 

the town of Port Deposit in Cecil County, Maryland (see Figure I-I ). It is located approximately 

5 miles upstream of the confluence of the Susquehanna River with the Chesapeake Bay, and 37 

miles northeast of the city of Baltimore at 39”36’45” N latitude and 76”5’18” W longitude. A 

steep 100- to 200-foot bluff marks the southern boundary of the NTC and the northern extent of 

the town of Port Deposit. State Routes 276 and 222 border the NTC to the west and southeast, 

respectively. The NTC is bordered by rural, residential. and wooded areas to the north and east. 



Extensive demolition of base buildings has occurred during the past five years. The 

buildings were razed to their foundations and the debris was transported to a new rubble landfill 

at the facility for disposal. Each building site was subsequently graded and seeded with grass. 

Approximately 40 buildings had been previously demolished in the late 197Os, and the debris 

was buried in the northern part of the Old Landfill. 

Presently, several buildings remain at or near the parade ground and one building is used 

for offices at the NTC. Several structures (clarifiers and small buildings) remain at the sewage 

treatment plant, and cleanup of that facility is being conducted during l996- 1997. The historic 

buildings in the Tome School for Boys in the southwestern portion of the NTC remain, and are 

on the National Register of Historic Places (NRHP I99 I). 

1.2.3 Facility History 

The NTC WCIS built in I942 on I.230 acres of land. A 330-acre property whose land and 

buildings were formerly home to the Tome School for Boys, and some 900 acres ofadjoining 

property were acquired for the NTC. It immediately was used to house a series oftraining camps 

for the U.S. Navy that provided training for more than 260.000 men and women between I942 

and 1947. At its peak. in 1945, the base housed more than 38.000 people. 

After the end of World War II, the Navy slowly closed all activities at the base and by 

1949, the base was reducrd tu carctakcr status. I Iowcver, 3 ycnrs later, with the start of the 

Korean War, the NTC was returned to active status. The base continued to train sailors at a 

steady pace until 1957. At that poinl, the Navy, facing a shortage of funds, rnovcd scvcrnl 

activities to other bases and reduced the base population from 14,500 to 4,500. 

In IY6l. the Navy decided to expand the NTC by establishing the Nuclear Power School 

and the Naval Reserve Manpower Center on base. Within IO years, the NTC had grown to be 

one of the largest training facilities in the country. It employed over 5,500 military and civilian 

employees with a yearly payrolt of $5.8 million in I97 I. However, in 1972, the Navy began 

scaling back operations, and the NTC closed on June 30, 1976. 

ln 1978. the U.S. Department of Labor, Employment and Training Administration, 

leased 264 acres from the U.S. Navy for use as part of the Job Corps program. The Chesapeake 

Job Corps Center was a contract-operated facility for training of disadvantaged youth. During 

operations the center housed approximately 200 staff members and 300 students. The 

Chesapeake Job Corps ceased operation in August 1990. 

Part ofthe NTC. still known as the Tome School, includes buildings on the National 

Register of Historic Places. In addition, the NTC also contains an area of archaeological 

recycled paper ect~log~ and or* inmnwnt 

I I CD7l7l~R~l~c7.D:~‘w-O: l-5 



significance, the Snow Hill Free-Black community site, that meets the criteria for incJusion on 

the National Historic Register. 

Currently the Chief of Naval Technical Training Detachment maintains a small Base 

Closure Force at the NTC for administrative and maintenance purposes. 

1.2.4 Previous Investigations 

In 1987. Atlantic Division. NAVFACENGCOM identified the Old I.andfill (Site I), a 

solid waste landfill operated from I942 until base closure: and the Fire Training facility (Site 2). 

including an oil separator pit (see Figure 1-I). as areas where potential surface or suhsurfncc 

contamination may have resulted from NTC operations and disposal practices (undocumented). 

In 1988. as part of the Navy’s JRP. a hydrogeologic investigation was performed by Versar. Inc. 

This study involved the installation of groundwater monitoring wells, with subsequent rounds of 

groundwater. surface water. and stream sediment sampling at each of the two locations. The 

objectives of the water quality impact study were to document contaminant releases and to 

characterize the extent of any hazardous substance migration. Versar collected samples of 

groundwater, surface water, and stream sediment from both Site I and Site 2 during three 

sampling events in March, May, and July 1988. Results of the investigation are discussed in 

Sections 3.2 (Site I) and 4.2 (Site 2). 

1.3 Physical Characteristics of the Area 

1.3.1 Climate 

Cecil County has a humid continental climate. Winters are generally mild and summers 

very warm and moist. Cecil County has no long record weather station but records from 

Baltimore County indicate average monthly temperatures as 34 to 35°F for December, January, 

and February, and 71 to 75°F for June, July, and August. January is the coldest month and July 

is the hottest. Rainfall data from University Farm, Newark, Delaware, two miles east of Cecil 

County, shows a mean annual precipitation of 42.59 inches ( I95 I to 1980) with a range of 27 

inches to 55 inches per year. In calculating the water budget ofselected drainage basins in Cecil 

County, the Maryland Geological Survey Bulletin 34 (Otton et al. 1988) used data from 1961 to 

1980 from the same station which averaged 4 I .34 inches per year. Long term records for 

Baltimore County indicate that monthly precipitation averages range from 2.8 inches (February) 

to 4.2 inches (July and August). Snowfall averages 2 I inches per year. with the three highest 

months being January. February, and March (5 inches each). There is wide variation in snowfall 



from year to year, from 0.5 inches to 53 inches in Baltimore County. Both drought and 

excessive precipitation are most likely in summer. Summer precipitation occurs mainly in 

thunderstorms and is likely to be brief, heavy, and localized. Ordinarily, 1 to 3 inches ofrain 

falls in one of these summer storms and much more has been recorded. Most winter 

precipitation occurs in general storms that cover large areas. May through September prevailing 

winds are southerly or southwesterly, and for the remainder of the year they are northwesterly. 

Average annual wind velocity is between 8 to 10 miles per hour, but winds of 50 miles per hour 

or more sometimes accompany severe thunderstorms, hurricanes, or general winter storms. 

Tornadoes are infrequent and hurricanes affect the area to some estent about once a year, usually 

in August or September. 

1.3.2 Topography and Land Use 

Cecil County is roughly divided into two physiographic provinces by what is known as 

the Fall Line. The Piedmont is generally west of Interstate 95 with the Coastal Plain portion to 

the east. The western third of the county, including all of the NTC, lies within the Piedmont. 

although Coastal Plain sediments cap the highest parts of the plateau on which the NTC is built. 

The plateau shows gently rounded and rolling terrain with summits ranging from 430 feet above 

mean sea level (AMSL) to 460 feet AMSL in the east and north. These slope gently down spurs 

between deeply illcixd ~t~can~s to an abrupt cliff. OVC’I- 200 feet hi@, along the edge of the 

narrow flood plain of the Susquehanna River to the southwest. Several valleys striking northeast 

dissecr the edge of the plateau on UC near the NTC and pruvide the ruutes UT ruads that run up tu 

the plateau from the river, which is near sea level (Figure I- I). These roads include, from the 

northwest. Post Road, State Route 276, and State Route 223. The valleys also contain permanenr 

streams which, with their tributaries, drain the plateau. 

Land use in Cecil County is primarily rural, with 25 percent of its land developed, 4 I 

percent in agricultural use, and 34 percent in forest or other undeveloped use (Otton et al. 1988). 

The NTC contained paved roads and numerous groups of buildings in open grassy areas although 

almost all buildings have now been demolished. Steeper slopes generally are wooded. Farm 

fields adjoin the NTC to the northwest and southeast. and the low density residential 

development ofcraigtown lies to the east of the NTC. The narrow flood plain of the ’ 

Susquehanna River to the southwest supports a railroad, and, at Port Deposit, a road, lined with 

housing and industrial/commercial development. Isolated rural housing and trailer parks occur 

both west of State Route 276 to the northwest, and adjoining the NTC on the northeast, south of 

State Route 275. 
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1.3.3 Water Use 

l-3.3.1 Surface Water 

Within 3,000 feet of the NTC, surface water is used both for drinking and recreation. 

The Susquehanna River is dammed by Conowingo Dam 3..5 miles above Port Deposit for power 

generation. The river also is used for boating and sport fishing, and the town of Port Deposit 

withdraws water for drinking from an intake pipe upstream of the NTC. The intake port is 

located 600 feet northwest of the town and 900 feet out in the river which is approximately 3.000 

feet upstream of the NTC boundary. The water is treated and pumped up to a 500,000 gallon 

tank just east of State Route 276 and adjacent to the NTC, from which it flows by gravity feed to 

the town. Approximately 41 percent of water used in Cecil County in 1985 (3.5 million gallons 

per day [gpd]) was withdrawn from surface water (Otton et. al. 1988). The major users were the 

towns of Elkton, North East and Perryville. and the Perry Point Veterans Administration 

Hospital. Both of the last two. Perryville and the VA hospital, withdraw from the Susquehanna 

within 2 milts below the NTC. Of total surface water use, public water supply accounted for 53 

percent. and industrial and agricultural use accounted for all but 3.5 percent of the remainder. 

1.3.3.2 Groundwater 

In 1985, the largest proportion of groundwater withdrawal in Cecil County was for 

household use from private wells (over 56 percent), with public water supply accounting for 

more than 24 percent. The remaining 19 percent is divided between commercial use (including 

golf course watering) at 10 percent; industrial withdrawals at 4 percent; and agricultural use at 5 

percent. Total use amounted to 5.0 million gpd (Otton. et al. 1988). 

Withdrawals from the crystalline (metamorphic) rocks of the Piedmont accounted for 3 I 

percent of groundwater use. The majority of all withdrawals (63 percent) were from the 

Potomac aquifers of the Coastal Plain sediments (Nutter and Otton 1969). All residences outside 

Port Deposit or Perryville are assumed to be on private water well supply systems. 

1.3.4 Geology 

The information presented in this section was generalized and paraphrased from Higgins 

and Conant 1986. The Geology of Cecil County, Maryland. 

The geology underlying the NTC is complex but the site is primarily underlain by nvo 

types of rock. the metamorphic Port Deposit Gneiss and Happy Valley Branch members of the 



James Run Formation; and the unconsolidated sediments of the Cretaceous Potomac Group 

capped by Tertiary Upland Gravels. 

The Port Deposit Gneiss is divided into a fine grained phase and a coarse-grained phase 

that is only mapped along Route 276 at the extreme northwest edge of the NTC (Higgins and 

Conant 1986). The coarse-grained phase consists of a gray, well-foliated, quartz-rich biotite 

granodiorite gneiss. It shows a gradational contact with the fine grained phase, and is 

interlayered with it throughout a broad interval. The fine-grained phase underlies most of the 

NTC, and consists of a generally medium gray, fine to medium grained quartz-rich granofels and 

granodiorite gneiss. composed of hornblende, biotite, and plagioclase. with phenocrysts of sodic 

plagioclase and quartz. 

The coarse sneiss is believed to be the metamorphosed plutonic phase of a surface- 

breaking epizonal pluton. The fme-grained gneiss shows increasing evidence of relict volcanic 

textures in going from northwest to southeast across the outcrop. It is believed to be the 

metamorphosed subvolcanic phase of a surface-breaking epizonal pluton. Contact with the 

Happy Valley Branch Member of the James Run Formation is gradational, and many rocks 

mapped in that unit may belong in the Port Deposit Gneiss. Despite this, the contact is mapped 

as a thrust. with the Happy Valley Branch Member to the southeast shown as thrust over the Port 

Deposit Gneiss. 

The Happy Valley Branch Member is a tine-grained, light gray to grayish-white, 

medium- to thick-bedded, metamorphosed felsite and granofels. It contains relict, mostly 

broken, phenocrysts of plagioclase and quartz, and, locally, phenocrysts of amphibole. 

All the metamorphic rocks are intruded with sills and dikes of amphibolite that are 

tabular hndies of very dark green to black fine- to medium-grained plagioclase-hornblende 

amphibolites. They may be metamorphosed basalt or diabase dikes or sills. Many show relict 

chill margins and a few are locally amygdaloidnl Thicknezes range up to 60 feet- but only the 

largest are shown on the geologic map. They are parallel to the strike of the host rocks (Higgins 

and Conant 1986). 

The geologic structure of the area consists of complexly folded and refolded rock. The 

impact of& structural history on the geohydroloyy resulted in 3 fractured crystalline-rock 

matrix. All the metamorphic rocks underlying the NTC tend to show foliation and other planar 

features that strike northenst and dip southeast, typically at between 53 degrees to 78 degrees to 

the horizontal. At a regional scale, this fractured rock probably results in anisotropic hydraulic 

cuilductivity in these rocks with flow prcfcrcntially aligned northeast-southwest. Major fractures 

or fracture zones have resulted in preferential weathering and erosion along the strike. creating 



northeast-southwest aligned valleys along which drainage and roads are aligned, such as Rock 

Run Road, State Route 276, State Route 222, and Happy Valley Branch. 

The higher elevations at the NTC, above 375 feet AMSL in the southeast and sloping up 

to approximately 425 feet AMSL in the northwest, are capped with a thin (0 to 40 feet thick) 

discontinuous layer of basal Potomac Group, of Cretaceous age. These consist of quartzose 

sand, gravelly sand. silt, and clay, locally micaceous. Gravel is almost entirely of quartz and 

quartzite clasts, usually less than 3 inches in diameter although some larger cobbles may be 

present. Clay layers are lenticular and are mottled red, purple, yellow, and white. 

The Potomac Group is capped or replaced by Upland Gravel, of Tertiary age in places. 

These gravels consist of quartz gravel with scattered lenses of cross-stratified quartzose sand, 

and local lenses, slabs and balls of light gray clay. The upper portion has been oxidized to 

reddish-brown, and in places cemented to ironstone conglomerate. Clasts are generally less than 

3 inches in diameter, but cobbles and small boulders are locally present. Clasts in the upper part. 

particularly those of then. are commonly weathered and friable. These gravels are probably late 

Tertiary fluvial deposits of the ancestral Susquehanna River, and of smaller streams. Within the 

NTC boundaries, gravel thicknesses do not exceed 50 feet. Locally, the gravels have been 

widely exploited as aggregate. 

Small areas of recent alluvium occur along some small streams around the NTC. The 

subsurface geology influences the migration of contaminants by its physical and chemical 

properties. The most significant factors at the NTC are the relatively low effective porosity of 

fractured metamorphic bedrock. and the weathered overlying rock containing relict fractures 

which allow relatively rapid movement of groundwater and contaminants. 

1.3.5 Surface Water Hydrology 
Because of the humid climate (42 iwhes ufruirl per year url average), there is a dense 

network of surface streams across.Cecil County. The water budget of the Piedmont area differs 

from watershed to wnrershed, dependent on the soil and rock types, vegetation cover, and 

steepness of slope. Two watersheds close to the NTC. Big Elk Creek and Northeast Creek. were 

evaluated and the major water-budget elements were estimated for the water years 196 I to 1980 

(Otton rf af. 1988). The results showed that for an average rainfall of 41.34 inches (at University 

Farm, Newark, Delaware), evapotranspiration on the two watersheds was equivalent to 23.5 and 

2 I .O inches per year respectively; storm or surface runoff was equivalent to 7. I and I I .8 inches 

per year respecttvely; and groundwater discharge was equivalent to IO.8 and 8.6 inches per year 

respectively. 



Because the streams on the NTC have quite steep slopes to the Susquehanna River 

(approximately 6 percent at Site 1 and 3 percent along Happy Valley Branch), the water budget 

for Northeast Creek. which is the steeper of the hvo creeks evaluated, is used to discuss the 

surface water hydrology of the creeks at the NTC. Stream flow measurements were not made 

during the investigation, however, for comparative purposes, measured stream flow character- 

istics of Northeast creek were used to provide a general estimate of stream flow characteristics at 

site streams. 

Using the above estimates for Northeast Creek as representative, streamflow from the 

NTC is equivalent to 554.000 gallons per acre per year. and infiltration of precipitation into the 

surface would be equivalent to 233,000 gallons per acre per year. For the unnamed stream along 

Route 276, with a watershed area of approximately 225 acres, this amounts to an average 

discharge of 240 gallons per minute (gpm) or 0.5 cubic feet per second (ft’/sec), of which 42 

percent is derived from groundwater discharge Fnr Happy Valley Branch, with a watershed area 

of approximately 980 acres, stream flow would average I .O IO gpm, or 2.3 ft’/sec. The 

Susquehanna River, which receives these streams, has an average flow of 42,180 fi’/sec (Van 

der Leeden, Troise. and Todd 1990). 

Estimated maximum flow (50 year recurrence interval) for Big Elk Creek and Northeast 

Creek were equivalent to 0.3 ft3/sec per acre of drainage area, and 0.3 ft’/sec per acre of 

drainage arca, respectively. Using the maximum flow of Northeast Creek as an estimate, the 

expected maximum flow rate (50 year recurrence interval) is approximately 80 ft’isec for the 

ur~~~arr~tzd btretim along Route 276. and 340 ft’/scc for Happy Valley Branch. Maximum flows 

for a two year recurrence interval using the same assumptions are calculated at 20 ft’/sec for the 

Route 276 stream. and 95 ft’/sec fur Happy Valley Br~anch rcspcctively. Low flows (7-day, 1 O- 

year low flows) are estimated at I7 gpm (0.03 ft3/sec) in the Route 276 stream, and 74 gpm 

(0. I65 ft’/sec) for Happy Valley Branch, using data from Northeast Creek. 

1.3.6 Hydrogeology 

Because the granular media sediments at the NTC (the Potomac Group and the Upland 

Gravels) are thin and occur only on the highest parts of the plateau, they are not significant 

aquifers in the vicinity of Site I and Site 2. The discussion will therefore focus on the fractured 

crystalline rock aquifers of the Piedmont Province in Cecil County. 

As noted in Section I .3.4, the rocks beneath the NTC are complexly folded and 

fractured metamorphic rocks. The availability of water depends on the nature and distribution of 

secondary openings resulting from fracturing and weathering. Various stresses have produced 
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complex systems of fractures oriented at different orientations, both horizontal and at various 

angles CO the horizontal. The major orientation of the fractures or similar planar strictures 

mapped in the vicinity of the NTC is northeasterly, and they generally dip to the southeast at 

between 53 degrees and 76 degrees to the hor’izontal (Higgins and Conant 1990). Groups of 

closely spaced vertical or near vertical fractures sometimes result in linear features that appear in 

the field or on aerial photographs as straight stream segments or linear topographic features, or 

linear features of soil or vegetation. Identification of linear features is often used as a 

prospecting tool for locating potential water supply wells. Generally this approach is helpful and 

average yields of such wells in the Piedmont are greater than those not located on linear features 

in the Piedmont (Nutter 1977, McGreavy and Sloto 1977). 

Weathering in Cecil County increases the size of fracture openings, but is most 

significant because it creates a zone of saprolite on top of unweathered bedrock. The mechanical 

and chemical breakdown of rock by air, water, temperature. and biological activity creates a 

mantle of unconsolidated. weathered rock (saprolire) at the land surface. The process works 

progressively dnwnwnrd from the surface. This unconsolidated zone grades from a soil at the 

land surface, to decomposed rock, to crumbly gravel-like material where pieces of rock remain 

in place in a clayey mat& Below the ~~nconsolid~ted 701~. the rock is generally solid. but SOme 

minerals are weathered along the fractures. Because the saprolite is derived by weathering in 

place of fractured bedrock, it retains many of the structural features. As a consequence, the 

weathered matrix and the relict fractures within the saprolite have very different hydraulic 

properties. The matrix functions as a porous medium with a large porosity and storage capacity, 

and with slow movement of either water or contaminants. but the relict fracture system can react 

as a low porosity system nllowing ropid movement of both writer and contnminants. 

The major significance of the weathered mantle for water supply is as a storage reservoir 

rhat pruvidcs wa[cr tu the fracture systems that s~~pply water to wells. Recharge moves readily 

into this unconsolidated zone and discharge moves out to streams and to evapotranspiration. A 

large volume of water remains in storage in this unconsolidated zone. 

Because most wells in the Piedmont have casings set in the upper few feet of solid rock. 

casing depth usually indicates the approximate thickness of the uncor~wlid~ted zone. Dased on 

the median (50 percent) casing depth for wells in all Piedmont units. the thickness of the 

unconsolidated zone averages about 4 I feet. The sarurared thickness of this LUIIL based on the 

median depth to water (20 feet), is about 2 I feet (Otton ef ul. 1988). 

Specific-yield estimates from various studies listed in Willey and Achmad (1986, p. 19) 

indicate that the specific yield of the unconsolidated zone is about 0.08, and the specific yield of 



the solid rock below is probably one or two orders of magnitude less. (An average specific yield 

for the upper 200 feet of material of 0.05 is used in the models developed in later sections of 

&-ton ef al. 1988.) A 2 l-foot mantle of saturated unconsolidated rock with a specific yield of 

0.08 would contain at least 1.7 feet of water, which amounts to about 354 million gallons of 

water in storage per square mile. 

The most productive wells in the Piedmont commonly are located in valleys and draws 

and the least productive are on hilltops or hillsides @/utter and Otton 1969). Because topograph- 

ic lows often form where the rock has been weakened by relatively intense fracturing and 

weathering, wells in such positions are likely to penetrate more and larger openings. Also, 

because the water table tends to be at a shallower depth in a topographic low, more unconsoli- 

dated weathered material will be saturated so that more storage is available to sustain the yield. 

The distribution of reported yield and specific capacity according to topographic 

position indicates that flood plain and valley flat sites are most productive with median yield of 

20 gal/min. Upland draws are also relatively productive with a median yield of 14 gal/min. 

Least productive are hilltop and hillside sites where the median yield is 9 and 8 gal/min, 

respectively (Nuner and Otton 1969). 

Specific cnpncity relates well yield to drawdown and is expressed in gallons per minute 

per foot (gal/min/ft) of drawdown. At a constant pumping rate, the drawdown of a well increases 

at a gradually diminishing rate; hence, the specific capacity gradually decreases accordingly. 

Specific capacity can be used to estimate aquifer transmissivity. The relation of specific 

capacity to transmissivity depends on several factors such as well construction, length of 

pumping period, and effective well radius (Heath 1983). For the crystalline rock of Cecil 

Cuumy, rransmis~ivity (in squxc feet per day) is roughly about 100 to 300 times the specific 

capacity (in gallons per minute per foot). Ninety-five percent of the wells have a specific 

capacity greater than 0.090:! gal/min/ft and only 5 perctxrr ale gr~eatcr than 4.7 gal/min/ft. Using 

these figures to estimate transmissivity for the crystalline rock in Cecil County gives a range of 

about 2 square feet per day (ft’/d; 100 x 0.02) to I.400 ft’id (300 x 4.7). This range is 

comparable to values given for a small basin in Chester County, PA (4 to 1,700 ft’/d [McGreevy 

and Sloto 1980. p. 141). and for a small basin in Howard County, MD (7 to 9.000 ft’ld [Willey 

and Achmad 1986. p. 201). M e ian specific capacity for the 394 Piedmont wells is 0.3 d ’ 

gal/min/ft. Use of the same factors (IOU and jUU) would put the median transmissiviry in the 

range of 30 to 90 ft’ld (Otton e/ al. 1988). 

Because of the high levels of precipitation spread moderately evenly over the year, 

infiltration to groundwater is commonly inversely related to evapotranspiration. That is to say. 
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the greatest recharge tends to occur in spring when the soil has been replenished by fall and 

winter rains and snowmelt, but evapotranspiration is low because of low temperatures and 

reduced leaf density on trees, shrubs, and forbes. Continuous well records in Piedmont wells 

tend to show a strong rise in water level during winter and spring and a prolonged decline during 

summer and fall (Nutter and Otton 19691, although recharge can occur during summer in 

response to major storms. Surface water is typically recharged from local groundwater flow 

because of the dissected nature of the Piedmont plateau and uplands, and essentially all surface 

streams are always gaining, except in their uppermost reaches, where they may dry up as the 

water table drops in late summer and fall. The water table is typically a subdued reflection of the 

topography and groundwater divides are usually close to topographic divides. 

1.3.7 Soils 

Soils at the NTC are described in rhe Soil Survey of Cecil County, Maryland, United 

States Department of Agriculture, Soil Conservation Service, in cooperation with Maryland 

Agricultural Experiment Station, 1973. Major fieldwork for the survey was performed in the 

period 1945 to 1966. It is evident from the amount of “Made Land” shown at the NTC that it 

was mapped after construction and operation of the NTC was an accomplished tact. 

Primary soil associations at the NTC are the Chester-Glenelg-Glenville Association and 

the Glenelg-Manor-Glenville Association derived from acidic metamorphosed rocks; the 

Neshaminy-Montalto-Legore Association derived from basic or mised acidic and basic 

metamorphosed rocks; and the Collington-Sassafras-Aura Association derived from Coastal 

Plain sediments of the Potomac Group and from Upland Gravels on the highest ridgetops at the 

NTC. Minor alluvial soils such as Baile series and Elsinboro series occur along drainageways 

and on stream terraces. and stony soils occur on steep slopes. 

The dominant soils are of the Glenelg (approximately 35 percent), along the gentler 

upper slopes and tops of the spurs slopin, 0 down towards the Susquehanna River; the Manor 

(approximately 28 percent) on the lower slopes of those same spurs; the Aura (approximately 20 

percent) on the highest ridgetops along the northeast edge of the NTC; and alluvial soils 

(approximately 9 percent), along the drainage ways. Minor soils such as the Glenville. 

Neshaminy, Montalto, and Legore make up approximately 8 percent, and steep stony soils ’ 

approximately one percent of the area of the NTC. For purposes of calculating the above 

percentages, it was assumed that disturbed sites (Made Land) were originally underlain by soils 

of the tvpes bordering them. 

I-14 



1.4 Regulatory Concerns 

1.4.1 Screening Values 

This section discusses applicable or relevant and appropriate requirements (AM&) of 

other environmental and public health statutes for conducting remedial actions. The ARARs 

presented below are chemical-specific only. Health-risk based concentration levels were 

selected to be screening values for environmental media at the facility and all the chemical- 

specific ARARs are based on assessment of human health risks and risks to aquatic life (in the 

case of surface water). 

All analytical data were reviewed asninst screening values to aid in evaluating 

contamination of significance. The screening values were constructed from ARARs, and non- 

promulgated advisories, guidances, or other values that are to be considered (TBC); and, in the 

case of metals, to background concentrations. Screening values were selected for each analyte 

from these values based on the following method: the lowest, non-zero ARAR was chosen; if no 

ARAR existed, then the lowest TBC was chosen; finally, no screening value was set below the 

background concentration. therefore, if the bachground CUIIC~II~I~~~UI~ was Iiighri than the 

selected screening value. then background was used as the screening value (with the exception of 

soil samples). 

The screening values do not represent cleanup goals which identify areas requiring 

remediation. Cleanup goals will be developed in the FS if additional remediation is 

recommended. The screening is merely used to identify areas where contamination may exceed 

regulatory levels, to assist in site characterization for the nature and extent of contamination 

discussions. Screening values aided in characterizing contamination, but did not eliminate from 

consideration positive detections that fell below screenmg values. Screening values cannot be 

used to determine whether or not a contaminant is migrating in the environment. All positive 

detections presented in the chemical summary tables are considered in both the risk assessment 

and the FS. 

1.42 Groundwater 

Two types of health-risk based ARARs were identified for groundwater, the Safe 

Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and the SDWA MCL 

Goals (MCLGs). MCLs are promulgated by the EPA’s Office of Drinking Water and are 

enforceable standards that apply to contaminants found in public water systems that have at least 

15 service connections or serve an average of at least 75 year-round residents (EPA 199 1). The 



standards and regulations for eight synthetic organic compounds also apply to systems that 

regularly serve at least 25 people over six months of the year. MCLs are set as close as feasible 

to MCLGs (health-based goals that disregard cost or treatment feasibility). and are set at levels 

that would result in no known or anticipated adverse effects with an adequate margin of safety. 

MCLGs are not enforceable, but are potentially relevant and appropriate standards for in situ 

cleanup of groundwater. Only MCLGs above zero were eligible for selection as screening 

values. 

Two types of TBCs were used in the selection of screening values. The EPA Office of 

Water has published l..ifetime Drinking Water Health Advisories (HA) values based on 10 -6 

cancer risk levels. These values are calculated assuming that individuals receive 80 percent of 

their exposure from sources other than consumption of drinking water. The second TBC for 

groundwater was the EPA Region III Risk-Based Concentration (RBC). Similar to the HAS, 

these RBCs are also levels derived from risk assessments, based on either a lifetime cancer risk 

of I OV6 or a hazard quotient of I (for non-carcinogenic risks). However, different exposure 

assumptions are used, and the levels correspond to a single contaminant in a single medium. 

Background concentrations for inorganic compounds in groundwater were calculated by 

averaging the detections over the ten sample rounds in two wells: I -GW I, and 2 GW- I. Based 

on groundwater flow directions, these wells are considered upgradient of Sites I and 2, 

respectively. Tl~ex wrlls are considcrcd rcprcsentative of background lcvcls of inorgnnics in 

groundwater at the NTC. The background concentrations used for Site I (in Section 3) and Site 

2 (in Section) represent the average plus two sta~~dard Jeviatiuns fobs each analytc. Detections in 

other wells above these values are considered higher than background. Non-detects were 

estimated at halt the method detection limit in the averaging. For any analyre wirh more than 

half non-detects, the method detection limit value was listed as the background concentration. 

Data from filtered samples were not considered in the averaging. No screening values were set 

below background levels, but background concentrations determined screening values only for 

five metals of little concern for human health (calcium, iron, magnesium, potassium, and 

sodium), and for which there were not other regulatory or guidance levels. Table I-I lists the 

screening values adopted. 

1.4.3 Soils 

No ARARs were identified for soils. Only RBCs were used in the selection of screening 

values. EPA Region III publishes RBCs for soil based on reference doses, cancer potency 

slopes. “standard” exposure scenarios (i.e., an adult body weight of 70 kilograms [kg], a child 



body weight of I5 kg for ages 1 to 6, and a daily soil ingestion rate of 100 milligrams [mg] for 

adults and 200 mg for children). The concentrations reported correspond to a hazard quotient of 

I, the risk threshold for non-carcinogenic effects, or a lifetime cancer risk of I Oh, whichever is 

lower. E & E also identified the EPA Interim Guidance on Soil Lead Cleanup Coals at 

Super-fund Sites of 400 milligrams per kilogram (mg/kg) as a screening value (Office of Solid 

Waste and Emergency Response [OSWER] Directive 9355.4- 12 1994). Finally, Soil Screening 

Levels (SSLs) developed by OSWER were used as screening values, These SSLs were 

developed to model exposure to soil contaminants via inhalation and migration to groundwater, 

in addition to the traditional ingestion route. Different SSI .s were develnped fnr each exposure 

pathway. The SSLs were developed using very conservative exposure scenarios, and were not 

intended to substitute for site-specific risk assessments. However, because they are conservative, 

they are appropriate for use as TBCs because any level below the TBC does not represent 

significant risk. 

No soil samples collected during the field investigations were considered suitable for 

use as background for metals concentrations unaffected by activities at the NTC. Therefore, the 

levels listed in the table are the range for soil in the eastern United States (Shacklette and 

Bocrngcn 1984, Elctttcrtt Conccnfrotions in Soils und Other Surftcial Mu~erids of Ihe 

Conterminous Unirctl Sfates, USGS Professional Paper 1270). These ranges were not used in the 

sclcction of screening values, but they are included in the table for comparative purposes. Table 

I-2 lists the screening values adopted. 

1.4.4 Surface Water 

ARARs for surface water are derived from the Clean Water Act (CWA) Water Quality 

Criteria (WQC). The EPA has developed the WQC for the protection of human health and 

aquatic life. WQC are non-enforceable guidance and are used by the EPA. in conjunction with a 

designated use for a stream segment to establish water quality standards under CWA $303. 

WQC for the protection of human health are divided into two categories: one for the protection 

of human health from risks due to water and fish consumption, and a second for the protection of 

human health from risks due solely to the consumption of fish. WQC for the protection of 

human health due to both sources can be several orders of magnitude lower than for the sole 

source risks. Only the dual source WQC levels are used in the development of screening values. 

WQC for human health are based on a 10s6 risk level. However, the surface water at the site is 

unlikely to be used either for drinking water or as a habitat for fish caught for human 

consumption. Therefore, these WQC are not used in the human health risk assessment. 



EPA also has developed WQC for the protection of all life stages of aquatic animals and 

plants. These criteria specify the contaminant concentration in ambient surface water that, if not 

exceeded, should protect most species of aquatic life. The continuous criteria represents the 

contaminant concentration that should not be exceeded by the four-day average chemical 

concentration more than once every three years. In developing a chronic WQC, EPA estimates 

protective contaminant levels based on chronic toxicological data for animals, plants, and on 

residual levels in aquatic organisms. The acute criteria represents the level that should not be 

exceeded by the one-hour average concentration more than once every three years. Clearly the 

chronic levels are lower than acute levels for each analyte. Therefore. only the chronic levels are 

used in the development of screening values. For each analyte, the screening value was selected 

from the lower of the WQC levels for protection of human health and aquatic life. 

The state of Maryland has promulgated enforceable water quality standards. Chronic 

contaminant concentrations for freshwater organisms are developed in a similar manner JIF for 

the federal standards, and in most cases, the standards are identical. The state has also developed 

criteria for the protection of human health. Two standards are developed: one for adverse effects 

due to the consumption of water and another for the consumption of organisms. Unlike the 

federal standards, there is no standard which considers both sources, and therefore, neither is 

more conservative in every case. As a result, both standards are listed in the table. 

Both the federal and state standards are ARARs and the lower standard is selected as the 

screening value. Table I-3 lists the screening values adopted. 

1.4.5 Sediment 
Screening ofconraminants in sediments is presented in Section 6, as part of the 

ecological risk assessment. Maximum concentrations of contaminants in sediment at Sites I and 

2 were compared to ecologically relevant Region 111 EPA sediment screening benchmarks (EPA 

1995). 
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Table l-1 

GROUNDWATER SCREENING VALUES 
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Table I-1 (continued) 

(a) Safe Drinking Water Act, Maximum Contaminant Levels (EPA 1994). 
(b) Safe Drinking Water Act. Maximum Contaminant Level Goals (EPA 1994). 
(c) EPA Office of Water, Lifetime Health Advisories (EPA 1994). 
(d) EPA Region III Risk-Based Concentration Table (EPA 1995). 
(e) Background based on average detected in upgradient wells. 
(f) Screening value determined as follows: lowest of non-zero ARARs; if no ARARs. then lowest ofTBCs. Screening value not set below ba&grwnd. i.e.. 

if background was above ARAR or TBC. then background becomes screening value. 

(I) Total trihalomcthancs (THMs). 
(2) Proposed standard. 
(3) Under review. 
(4) Action level based on treatment Iechntque. 
(5) Longer-term HA for children. 
(6) Dratt standard. 
(7) Free cyanide. 

EPA, November 1994. Drrnkrng ll’orer R~g~~lortons and Hrol:h rlr.rwsorrrs. Washington, 
EPA. 1995. Risk-Bused Concenrrorron TubIf. January -June 1995. EPA Region Ill. 

DC. 
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Table I-2 

SOIL SCREENING VALUES 
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SOIL SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

Screening Levels for 
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Analytcs 

Table I-2 

SOIL SCREENING VALUES 
BAINBRIDGE NAVAL TRMNING CENTER 

TBCS 

Screening Levels for Transfers 
from Soil to 

EP.4 Region 111 
Residential Soil 

RBCs 
TV% 

(aI 

Air Groundwater 
wg/kg nrghg 

(bl (cl 

EPA Interim 
Cleanup Level 
CERCW Sites 

m&g 
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- 
1 (c) Background 

m&kg 

Screening 
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IO 
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Zinc 23.000 I 6.000 I c5 - 2.900 6.000 

INORGANICS 
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Table l-2 (continued) 

(a) EPA Region III Risk-Based Concentration Table (EPA 1995). residential soils. 
(b) Soil Screening Guidance for Inhalation of Volatiles from Soil (OSWER 1996). 
(c) Migration from soils to groundwater. using a dilution and attenuation factor (DAF) of IO (OSWER 1996). 
(d) EPA interim guidance on soil lead level cleanup lcvcls at CERCLA sites (EPA 1994). 
(e) Shacklcttc and Bocmgcn (1984). 
(f) Screening values based on lowest TBC available. Screening value not set below background. i.e.. if backgmund was above TBC, then background 

becomes screening value. (Note: Values used in screening were those from 1994 Guidance. which wcrc generally lower than the 1996 levels shown). 

(I) Average of values for cis- and tram- isomers. 
I?) Calculation performed by EPA Region III. using same methodology performed by OSWER (EPA 1995). 
(3) Free cyanide. 
(4) Average of m-. o-. and p-xylencs. 
CI’A. 1995, R;JA--Bu~rJCon~rnrrutiurr ruble. Jamxuy -June 1995. CPA Rcgiun 111. 
Office of Solid Waste and Emergency Response (OSWER). EPA. 1996. Sorl Srreenrng G&once. EPNS40/F-95/04 I, July 1996. 
EPA, 1991, Lip&e on OSCYERSOI/ LrodCleonup Gmdnnce. OSWER Directive 9355.4-02~ 29 August 1991. 
Shacklcttc. H.T. and J.G. Bocmgcn. 198-t. Elemenf Concenfrarlons in Sorls and Or/w Sur/icra/ Marermls offhe Conrermrnous Unrtcd Sfares. USGS 
Professional Popcr 1270. 
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Table l-3 

SURFACEWATERSCREENINGVALUES 
BAINBRIDGENAVALTRAININGCENTER 

ARARS 

CWAWQC CWA WQC COMAR SlDWQs COMAR MDWQs 
Human Health 

Freshwater Human Health 
Criterion Consumption of 

Continuous Water and Freshwater Chrnnir nrinkine Fish Scrccninc 
Analytcs Concentration Organisms Aquatic Organism Warcr Consumprion Value 

PrivL Pg/L P&!/L Pg/L 
(ai 

Pg/L 
W (0 (d) (d 

vocs 

I-Methyl phenol 
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Table 1-3 

SURFACE WATER SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

CWA WQC 

Anslytes 

Freshwater 
Criterion 

Continuous 
Concentration 

Dibcruofuran 

3iethylphthhalarc 

Fluoranthcnc 

~luorcnc 

rlaphthalcnc 

‘hcnanthrcnc 

‘henol 

ARARS 

OVA WQC COMAR MDWQs COBlAR MDWQS 
Human Health 

Human Health 
Consumption of 

Water and 
Organisms 

Pg/L 

Freshwater Chronic 
Aquatic 01gani5m 

PO 

Drinking 
\VllCr 

M/L 

Fish 
Consumption 

(b) I (cl 1 (d) 1 (d 
I I , 

I .300 

- 
T 

IR 

0.0028 

23.000 

300 

1.300 

21.000 

960 

‘ESTICIDES 

Key at end of table. 
11 CD7l71lRCl35?42/191D1 
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Analyccs 

T 

)I Magnesium 

Sodium 
1 I 

Vanadium 

Table 1-3 

SURFACE WATE’R SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

AKa.s I 

CWA WQC 

Freshwater 
Criterion 

Continuous 
Conccnrrarton 

I@ 
ia) 

I I 

2.5 

0.012 

160 

CW’A WQC 

Human Health 
Consumption of 

Water and 
Organisms 

Pia 
Ib) 

610 

COMAR MDWQs COMAR MDWQs 
Human Health 

Freshwater Chronic Drinking 
tkqurtir- 01 ganism water 

PFA- Id- 

Fish 
Consumption 

)I& 

Screening 
VPIUC 

3.2 SO 2.5 

Zinc too 110 100 

(n) Clean Water Act. Wntcr Quality Criteria Criterion Continuous Concentration (IO which aquatic life can bc exposed for up to 4 days) (EPA 1994). 
(b) Clean Water Act. Water Quality Criteria. for protection ofhuman health against consumptions of both wafer and aquatic organisms (EPA 1994). 
(c) Code of Maryland Water Quality Standards for protection of freshwater organisms against chronic effects (COMAR). 
(d) Code of Maryland Water Quality Standards for protection of human health against consumption of water (COMAR). 
(e) Code of Maryland Water (&~al~ty Xmdarcis for prorcction uf IWIII~UI l~calth agc~mst consumption of aquatic orgylisms (COMAR.) 

(I) Hcxavalent chromium. 
(2) Total chromium. 

USEPA. 1994. Water Quality S/ondords Handbook: Second Edition. Appendix A. EPA-823-B-94-005~ Office of Water. Washington, DC. 
Code of Maryland Regulations. Section 26.08.02.03-26. Table I. 
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Field Operations and Analytical Program 

Fieldwork for each phase of the RI was performed to comply with the approved Work 

Plans (E & E 199la and 1993a) and a Health and Safety Plan (E & E 1991 b) or Site Safety Plan 

(E & E 1993b). A Quality Assurance Project Plan (QAPP) prepared in 199 1 (E & E 199 1 c) was 

used for both the initial RI work and the additional work performed in 1993 and 1994. Similarly, 

one Community Relations Plan was developed iI 1991 (E & E 199ld) a11d wab appruved to Irt- 

the guidance used throughout the continuing investigations. 

This section provides detailed descriptions of all methods employed in the field at both 

sites and the analytical program followed for sample analysis. The results of each of these 

methods are discussed in the sections covering the areas investigated ar NTC. 

2.1 Geophysical Survey 

A limited geophysical survey was conducted at the area adjacent to the southern end of 

the landfill only, to determine the best location of water-bearing bedrock fractures for siting a 

deep well. The survey consisted of fracture trace analysis using existing aerial photography and 

very low frequency (VLF) electromagnetic profiling. Section 3.2.1 provides more detail and the 

geophysical survey report is included as Appendix A. 

The VLF survey used the Annapolis Transmission Station in Annapolis, Maryland, as its 

source, transmitting at a frequency of 22.3 Kilohertz. VLF profiles were obtained along 26 grid 

lines spaced 20 feet apart, and oriented in a northwest to southeast direction. This direction was 

judged to be perpendicular to the potential fracture zones as determined from the fracture trace 

analysis. The lines varied between 150 and 200 feet in length, with each station along the line 

spaced 10 feet apart. The VLF profiles of electromagnetic current densities indicate possible 

fracture systems when alignment of these profiles creates a pattern of high density readings. The 

line connecting this series of high density readings may indicate a bedrock fracture system. 

recycled paper 
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2.2 Soil Gas Survey 

At the Fire Training Area, a soil gas survey was conducted to determine the presence 

and extent of subsurface of petroleum hydrocarbon curltaminatiun. Samples were collected by 

creating a ‘%-inch hole with a drive rod to a depth of approximately 4 feet. On the pad, an 

electric hammer drill was used to penetrate the concrete prior to advancing the drive rod. 

Ambient air was used to purge the sampling system by drawing the air through an organic vapor 

filter cartridge. A stainless steel probe was then inserted to the bottom of the hole and sealed off 

from the atmosphere. In-situ soil gas was drawn through the probe to purge the ambient air from 

the sampling system. A second sample of soil gas was then withdrawn jnro a pre-evacuared 

glass vial and encapsulated at two atmospheres of pressure (I 5 pounds per square inch [psi] 

gauge). The self-sealing vial was detached from the sampling apparatus, packaged, labeled, and 

stored for later analysis. Section 4.3.1 provides more detail and the soil gas report is presented 

as Appendix B. 

Prior to all sampling activity, all equipment, slide hammer rods, and probes were 

decontaminated with an Alconox’ldeionized (DI) water solution. followed by a DI water rinse. 

The internal surfaces were flushed dry with pre-purified nitrogen or filtered ambient air. 

External surfaces were wiped with paper towels. 

Field Control samples were taken at the beginning and end of each day’s activities and 

after sample 23 on the second day. Field Control samples 1,2, and 3 were obtained by inserting 

the probe tip into a tube flushed by a 20 psi pre-purified nitrogen flow. Field Control samples 4 

and 5 were obtained by filtering ambient air through a dust and organic vapor filter cartridge. 

2.3 Landfill Delineation 
Detailed records do not exist for disposal activities at the Old Landfill. As a result, the 

boundaries were not clearly defined. A landfill delineation program was designed and 

implemented to generate a map to be used as part of the remediation effort in which a cap would 

be placed over the entire landfill area. 

Before E & E mobilized to the field, historical aerial photographs were analyzed to 

estimate the extent of the operations. The analysis indicated that the roads on site were the 

approximate boundaries of the landfill. To supplement the study, the area was traversed prior to 

starting field operations to select likely points for delineation. Indicators of landfill were buried 

solid wastes, disturbed vegetation, and engineered structures. 

I I CD?I~I/RCI~J~-OYZY~~-D? 2-2 



A series of 4 I test pits were excavated around the estimated perimeter of the landfill, 

using a tractor-mounted backhoe. The pits were approximately 6 feet long, 3 to 8 feet deep, and 

perpendicular to the estimated boundary. The pits were spaced at approximately 50-foot 

intervals around the suspected edge of the landfill. Each pit was visually inspected and the soil 

was monitored for organic vapors. After each pit was inspected. it was backfilled with the 

excavated soil. Logs of each test pit are presented in Appendix C. 

The presence, or absence, of landfill material at each location determined the placement 

of the next pit. For pits where no material was encountered, the backhoe was moved 15 feet 

toward the center of the landfill. Where material was encountered. additional pits were 

excavated at 15foot intervals away from the initial pit and suspected landfill location. Pits 

which were observed to have landfill material were marked with red pin flags. Green pin flags 

denoted pits that were beyond the landfill boundary. For delineation purposes, the pit locations 

were surveyed and the outer limits of the landfill were defined as points no further than 15 feet 

outside of the last pit with landfill-related material. Discussion of the results of the delineation 

are presented in Section 3.4.2 and the delineation logs are presented with Appendix C. 

2.4 Wetlands Delineation 

A wetlands delineation survey was conducted in July 1994 at both Site 1 and Site 2, 

prior to any remedial activities. The sample team used the Cecil County Soil Survey, federal 

wetland maps, site wetland maps, and field characteristics of wetlands as guides to locate and 

sample suspected wetlands. Sample points as described for the “Routine On-Site Determina- 

tional Method” were established within, and along the boundaries of, each suspected wetland 

area (U.S. Army Corps of Engineers 1987). At each sampling point, soils were collected using a 

soil probe. Soils were characterized and colors were classified using a Munsell Soil Chart. 

Hydric soil indicators such as mottling, gleization, heavy organic accumulation, and oxidized 

rhizospheres were noted. Depth to soil saturation, or depth of standing water were recorded. 

Indicators of wetland hydrology such as visual observation of inundation of saturated soils, 

watermarks, drift lines, sediment deposits and drainage patterns were recorded at each sampling 

point. Dominant plant species were noted and compared to their wetland indicator status. The 

wetlands delineation report was submitted separately (E & E 1994) and both areas have been 

subjected to major disturbances during remediation since the survey. Only the riparian wetlands 

immediately adjacent to the permanent streams still remain relatively intact. Wetland areas 

disturbed during remediation were subsequently mitigated in coordination with the Maryland 

Department of Natural Resources (MDNR) and the U. S. Army Corps of Engineers (USCOE). 



2.5 Soil Borings 

Subsurface soil samples were collected from boreholes drilled at the Fire Training Area. 

A six- or eight-inch hollow stem auger was advanced through the unconsolidated overburden. 

Laski core samples were collected at five foot intervals until auger refusal. Ten samples were 

collected from four boreholes. The samples were analyzed for VOCs. base/neutral and acid 

extractable organic compounds (BNA), polychlorinared biphenyls (PCBs), and Target Analyre 

List (TAL) metals. Boring logs are presented as Appendix D. 

2.6 Monitoring Well Installation 

Monitoring wells were installed in overburden and in bedrock at both the Old Landfi]] 

and the Fire Training Center. Eight wells were installed in 1991 and an additional eight wells 

were installed in 1994. Shallow wells in the overburden were completed with screens. Four 

bedrock monitoring wells were completed with screens within the bedrock at the Fire Training 

Area whereas the remaining 12 bedrock wells were completed as open holes. 

Monitoring well 1 -GW-8, was advanced though the overburden and saprolite with a 

hollow stem auger (HSA). Upon refusal, an air hammer was used to complete the borehole. The 

auger flights were left in the ground during the air hammer drilling to keep the hole open. A 4- 

inch inside diameter (ID) polyvinyl chloride (PVC) casing was grouted into place from the 

surface to 39 feet below ground surface (BGS). The remainder of the well in the bedrock is an 

open hole. 

During the 1991 well installation program, 6- and 8-inch HSAs were used to advance 

the boreholes through the unconsolidated overburden and saprolite. The wells were constructed 

of threaded, flush-jointed, 4-inch ID, Schedule 40, PVC casing. If screens were installed, they 

were 1 O-foot long, Schedule 40 PVC, 4-inch ID, with 0.0 1 O-inch slots. The wells were 

completed by placing a filter pack of silica sand to a point 2 feet above the top of the screen, 

followed by 2 feet of bentonite pellets for a seal, and a portland cement with 5 percent bentonite 

grout to the surface. The bentonite seal was allowed to hydrate before placing the grout. All 

wells were completed on the surface with a 5-foot square concrete drainage pad and a lockable, 

4-inch steel surface casing, with a stickup of approximately 2 feet. Four steel guard posts were 

placed around each well for protection. 

The wells installed in bedrock during the 1994 investigation used a method that differed 

slightly. The wells that were to monitor groundwater in bedrock were advanced from the surface 



using an air hammer with a IO-inch outside diameter (OD) button bit to a depth two feet into 

competent bedrock. An S-inch steel casing was grouted into the bedrock and the grout was 

allowed to set for a minimum of 12 hours before drilling resumed. This casing alqn cerved as the 

protective casing for the well. After the grout had set, an air hammer with a g-inch OD button 

hit was Iled tn advance the well to final depth. A stainless steel or PVC casing was lowered to 

the top of the zone to be monitored and was grouted in place. A shale packer (a conical cup 

slipped over and clamped to the casing) was used to prevent the grout from entering the open 

hole. The remainder of the hole stayed open and was the interval to be sampled. A five foot by 

five foot sloping drainage pad was installed and four cement-filled steel bumper posts were 

placed around the well. 

One well was installed in the overburden during the 1994 fieldwork. This borehole was 

advanced with a 6-inch ID HSA to a depth of 13 feet BGS. Split spoon samples were collected 

every five feet. A 5 -foot long, schedule 40, PVC screen with 0.1 O-inch slots was used. A silica 

sand filter pack was emplaced to a point two feet above the screen, then two feet of bentonite 

pellets were placed above the filter pack, and a bentonite grout was placed to the surface. The 

well was completed on the surface with a 5 foot square concrete drainage pad and a lockable 4- 

inch ID steel surface casing, with a stickup of approsimatcly two feet. Four steel guard posts 

filled with cement were placed around each well for protection. 

During all drilling and well installation activities. C Sr C personnel conducted air 

monitoring with an organic vapor analyzer and an explosimeter. Readings in excess of 

backg:ruund CIICUUII~~I~~ during tllr: drilling activities are listed in the drill lugs. Well logs arc 

presented as Appendix E. 

2.6.1 Well Development 

Well development was conducted to remove remaining drill cuttings from the well 

following guidelines set forth in Monitoring Well Development Guidelines for Superfund Project 

Managers (EPA 1992). The wells were developed using a stainless steel bailer, submersible 

pump, or a centrifugal pump at each well at least 24 hours after the well had been completed. 

New, dedicated polyethylene tubing was used for each well developed with a submersible pump. 

Decontaminated stainless steel bailers or disposable polyethylene bailers were used for well 

development if submersible pumps were not successful. New nylon line was used for each 

bailer. 

Prior to developing the wells, static water levels and total depths for each well were 

measured with an electronic water level indicator to calculate the volume of the water column. 
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Water was removed using one of the devices mentioned above. Periodic water quality parameter 

readings were taken and the development water was observed for sediment. Water quality 

parameters (temperature, pH, specific conductivity, dissolved oxygen, and turbidity) were 

measured with an Horiba@ U- 10 Water Quality Tester. Development was continued until at least 

three well volumes were removed and the subsequent water quality parameters readings had 

stabilized for three consecutive measurements. All development water from the four newly 

installed wells was containerized in 1 United States Department of Transportation (DOT)- 

approved 55-gallon drums and stored on site at the NTC Brig. OHM treated the water at the on- 

site water treatment unit. 

2.7 Sample Collection 

This section describes the methods used to collect groundwater, surface water. surface 

and subsurface soil, and sediment samples. 

2.7.1 Surface Soil 

Surface sbil samples were collected at Site 2 only. The locations were in the pesticide 

contaminated area. Four samples (2-S% I through 2-SS-4) were not associated with any 

subsurface sample locations while eight samples (2-SS-5 through 2-SS- 12) were collocated with 

subsurface sample locations 2-BH-5 through 2-BH- 12. 

The samples were collected for analyses of pesticides and PCBs only. The samples 

were collected with a stainless steel spoon and placed in a stainless steel mixing bowl and 

homogenized before being placed into the proper containers. 

2.7.2 Subsurface Soil 

Subsurface soil samples were collected from borings using a 2-inch by 2-foot long split 

spoon sampler. The samples were collected using a stainless steel spoon. Samples that were 

analyzed for VOCs were taken from the split spoon and containerized. Soil that was analyzed 

for other compounds was placed into stainless steel bowls, homogenized, and then containerized. 

2.7.3 Surface Water and Sediment 

Surface water and sediment samples were colocated when possible. During some 

sampling events, only a sediment sample could he collected due to a lack of water. The sample 

locations were at points where the water was pooled. The sample containers were submerged 
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until full. The samples were collected in order of their decreasing sensitivity to volatilization; 

VOCs, followed by BNAs, pesticides/PCBs, and metals. For sediments, VOC samples were 

collected with a disposable stainless steel spoon and placed directly into the container. Sediment 

analyzed for the remaining parameters was then collected and placed in a stainless steel mixing 

bowl and homogenized before being placed in the proper containers. The samples were 

containerized in the same order as the surface water samples. Disposal pit water samples were 

collected in the same manner as used for surface water, i.e. the sample containers were 

submerged until full. The pit soils were collected using a bucket auger due to the configuration 

of the pits (steeply-sloped with standing water). 

2.7.4 Groundwater 

Prior to sampling, the static water level (SWL) and total depth of the well were 

measured tu calculate tk VU~UIIK of water in each well. Bcforc a groundwatcr sample was 

obtained, the water in the well was purged to ensure that a representative sample of fresh 

groundwater was collected. A minimum of three well volumes was purged and measurements 

for water quality parameters stabilized prior to collecting the samples. Groundwater was 

considered stabilized when pH, conductivity, Turbidity, dissolved oxygen, and temperature 

readings were within 10 percent for three consecutive measurements. Purging was conducted 

using either a 2-inch submersible pump with dedicated polyerhylene rubing or disposable 

polyethylene bailers. If a well was purged dry it was allowed to recover and a sample was 

collected. I he purge water from eight wells was containerized due IO previous analytical results 

showing contaminant concentrations above MCLs. The purge water from the other wells was 

discharged on site. 

The individual sample containers were filled in decreasing order of the volatilization 

sensitivities of the parameters, so that VOCs; BNAs; pesticides/PCBs, metals, and cyanide were 

collected in that order. 

2.8 Aquifer Testing 

Slug tests were conducted to measure the hydraulic conductivity and to calculate 

transmissivity of the aquifer in the vicinity of the wells. These data were used to estimate the 

rate of groundwater flow and transport rates of contaminants, and to evaluate the mass loading of 

contaminants via groundwater to surface water. 
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Water level responses within the wells during testing were measured using a Hermit 

2000 data logger and a 20 psi transducer manufactured by In Situ, Inc. All instruments were 

decontaminated with a solution of Alconox@ and DI water, rinsed with DI water followed by an 

isopropanol spray with a final DI water rinse before being placed into a monitoring well. 

Rising head and falling head slug tests were conducted at each of the following wells: I- 

GW-I, I-GW-4, I-GW-7, I-GW8, and I-GW-10 through 13 at Site I and 2-GW-10 through 13 

at Site 2. Both tests involved displacing water using a sand-filled, sealed, 5-foot long, 4-inch 

OD, PVC pipe as the slug. Before the tests were started, the static water level was measured and 

the transducer was lowered into the well. For the falling head tests. the slug was lowered rapidly 

into the monitoring well which caused the water level to rise. The water level in the well then 

decreased until equilibrium conditions with the aquifer were reached. These changes in the 

water level with respect to time were measured and recorded by the transducer and data logger. 

After the water level in the well had eqoilihrated, the <lug was removed causing the water level 

to drop immediately. As the water level recovered, the changes with respect to time were 

measured and recorded. This procedure was performed for each monitoring well tes>ed. 

The test data were analyzed with SLUGIXTM software. Hydraulic conductivity (K) and 

trnnsmissivity (T) were calculated using the Bouwer and Rice (I 976) method for unconfined 

aquifers with partially or completely penetrating wells. The results of the aquifer testing are 

discussed in Sections 3.4.5 (Site 1) and 4.3.4 (Site 2). Aquifer test data are presented in 

Appendix F. 

2.9 Decontamination Procedures 
All non-dedicated sampling equipment was decontaminated by following procedures 

presented in the approved QAPP (E & E 199 lc). Sampling methods and equipment were 

selected to minimize decontamination requirements and to prevent the possibility of cross 

contamination. The drill rig, all tools, and equipment were fully decontaminated at the field 

decontamination area prior to the drilling of each monitoring well. Groundwater, surface water, 

and sediment samples were collected using disposable or dedicated equipment. Plastic sheeting 

was used at each sample location to prevent equipment from contacting the ground. 

Before boring the hole and installing the well, the drill rig and all down hole tools (auger 

flights, cutting heads, etc.) were decontaminated. The decontamination steps consisted of: 

steam cleaning; followed by scrubbing with an Alconox@/DI water solution; and a final steam 

rinse. Split spoon samplers were scrubbed by brushes with an Alconox@‘/DI water solution, 

rinsed with DI water and allowed to air dry. The decontamination area consisted of a temporary 
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pad constructed of plastic sheeting over a wooden frame. The potable water source used was 

taken from an outside tap at the on-site Navy command office. 

During the 199 1 field effort. all non-disposable equipment such as barrel filters. 

stainless steel bailers, and pumps were decontaminated by an initial rinsing in water from the 

same source: scrubbed with solution of DI water and trisodium phosphate: followed by triple 

rinsing with DI water; and then allowed to air dry. 

The decontamination procedures used during the 1993- 1994 field effort work were 

slightly different. The procedure used for non-dedicated equipment was to remove gross 

contamination with a rinse in water from the Pame source: scrub with solution of DJ water and 

Alconox@; rinse with a DI water spray; follow with an isopropanol spray, and allow to air dry. 

Decontamination fluids were containerized and stored in the designated container 

storage area at the NTC prior to being transported to the OHM-operated water treatment facility 

for treatment and discharge. Personal decontamination was conducted according tn the qite- 

specific health and safety plan that was submitted to the Navy as a separate document. 

2.10 Topographic Survey 

In 1993, Kucera International, Inc., of Willoughby, Ohio, was subcontracted to perform 

a series of tasks to improve the existing topographic surveys at the NTC, including: 

. improvements in existing topographic maps at Sites 1 and 2; 

l boundary surveys for landfills (Site 1 and the new landfill); 

l boundary survey uf tk File Training Area; 

l drill hole coordinates determination (by Global Positioning System); 

. incorporation of drill hole coordinates onto existing maps; 

. a title search and boundary survey for certai~~ uff-site properties, 
notably in the Happy Valley Branch drainage areas; and 

l locations and elevations of all wells, soil sampling locations, and 
surface water and sediment sampling locations. 

This survey of the monitoring wells on the NTC included those installed to monitor the new 

building debris (rubble) landfill and underground oil storage tanks. 
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The surveys were performed in 1994, with some revisions in 1995, and certified with the 

signature and seal of a land surveyor registered in the State of Maryland. 

The revised topographic survey data have been used on most of the RI figures and in 

calculating hydraulic gradients. Major alterations have been made to topography at the Old 

Landfill (Site I), the rubble landfill. and at the Fire Training Area (Site 2). as the result of 

excavation, filling, construction, capping, and drainage modifications during the course of 

remediation. The modified topography at Sites 1 and 2, resulting from the remediation activities 

of OHM, Findlay, Ohio, the remediation contractor employed by the Navy is shown in Sections 

3 and 4 respectively. 

2.11 Analytical Program 

2.11.1 Methods, Analytes, and Detection Limits 

Chemical analyses for the NTC were performed at E & E’s Analytical Services Center 

(ASC) in accordance with the NTC QAPP prepared in 199 1 (E & E 1991~). 

2.11.2 Qualit)i Control Program 

2.11.2.1 Field Quality Control Samples 

Various types of field quality control (QC) samples were collected, handled, and 

analyzed in the same manner as the environmental samples collected from the site. These 

samples were used to assess the possibility that sampling or transport procedures were sources of 

sample contamination and to determine the overall sampling and analytical precision. A review 

of the field QC samples collected for this project is included in Appendix G. A general 

description of field QC samples collected is provided below. 

Trip Blanks are used to monitor contamination from volatile organic compounds 

during shipment of environmental samples to the laboratory. Trip blanks consist of organic-free 

water that was collcctcd and preserved with concentrated hydrochloric acid. One trip blank was 

used for each cooler that contained samples for VOC analysis. Each trip blank was transported 

to the sampling location and then shipped to the laboratory for analysis without being opened in 

the field. If a trip blank is found to be contaminated, all associated samples were subject tc? 

qualification. The data were qualified as prcscnt due to the blank if the concentration of the 

volatile organic compound was within 5 times the level found in the blank. For common 

laboratory contaminants, a control limit of 10 times the blank level was used for qualification. 
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Rinsate Blanks are quality control checks on sampling equipment decontamination 

procedures. Rinsate blanks were prepared by passing analyte-free water over sampling 

equipment cleaned using a prescribed decontamination proccdurc. The coliccted samples arc 

analyzed for the same parameters as those for which the equipment was used. One rinsate blank 

wns collected for every IO samples of each matrix. 

Field Duplicates are used to assess the precision and consistency of the sampling 

and analysis procedures. These samples are collected from the same location, at the same time, 

and analyzed for the same parameters as the samples to which they compare. A comparison of 

the relatrve percent drtference between the results of the sample and its duplicate then provides 

an evaluation of field and laboratory performance. 

Matrix Spike and Matrix Spike Duplicates (MYMSD) are used to evaluate the physical 

effects of the matrix on the analytical results. These samples are actual field samples identified 

by field personnel for additional laboratory QC inspection. The samples are spiked in the 

laboratory with compounds like those of interest and analyzed in the same manner as all other 

samples. The percent recovery of the spiking compound from the matrix spike and the relative 

percent difference behveen the matrix spike and matrix spike duplicate help determine the 

potential effects of the matrix on analytical results. MS/MSD samples were collected at the rate 

of 1 for every 20 samples. 

2.11.2.2 Laboratory Quality Control Samples 

In addition to field QC samples, other QC samples were utilized by the laboratory to 

assess analytical performance. Included are method blanks and surrogate as described below. 

Method blanks are used to monitor contamination introduced to the samples during 

analysis. Method blanks consist of deionized water which is processed in the same manner as 

site samples. These samples are used for every method utilized. 

Reagent/solvent blanks are used to identify the possible source of contamination, 

if found, in method blanks. These types of blanks differ from method blanks because they do not 

undergo the entire analytical process. 

Calibration blanks are used to zero an instrument’s response to the level of analytes 

in the pure reagenr matrix. They establish the analytical baseline and baseline Jrifl or 

contamination. 

Laboratory duplicates are used to assess the precision and consistency of the 

laboratory methods. They are aliquots of a single sample split on arrival at the laboratory or 
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upon analysis. Although similar to field duplicates, differences in laboratory duplicates are 

generally due to analytical technique as opposed to any number of factors as is the case for 

differences in the results from field duplicates. 

Calibration standards are used to generate a standard curve to facilitate quantita- 

tion of sample results. Thcsc samples arc prcparcd by dissolving a known quantity of pure com- 

pound in the appropriate matrix and calculating the concentration from the known quantities of 

materials used. 

. Reference standards are used to validate existing concentration calibrations 

determined from calibration standards. These standards are obtained from sources independent 

of the source of the calibration standard. 

Surrogate spikes are used to indicate method efficiency and bias. Surrogate 

compounds are compounds similar to those of interest which are added to all samples 

undergoing gas chromatograph (CC) or CC/mass spectrometer (MS) analyses. The percent 

recovery of the surrogate in the sample provides the information necessary to provide the QC 

check. 

Internal Standards are used to facilitate quantification of sample data. An internal 

standard is prepared by adding a known amount of pure compound to the environmental sample; 

the compound selected is not one expected to be found in the sample, but is similar chemically to 

the compound of interest. Internal standards are added to the environmental sample just prior to 

analysis. 

2.11.3 Analytical Data Review 

Analyses of the samples collected at the NTC included Target Compound List (TCL) 

VOCs, BNAs, Pest/PCBs, TAL Metals and cyanide, explosives, total organic carbon (TOC), 

total petroleum hydrocarbon (TPH). and percent solids. Analytical data were reviewed by an 

independent Navy contractor for the samples collected in 199 1 through March 1994 and by 

E & E for all subsequent sampling rounds. For each sampling round, the data package was 

reviewed for all QA/QC elements indicated in the NEESA Level C Data Validation 

Requirements, and data usability codes were assigned to the data. These codes appear on the 

data summary tables and arc dcscribcd as follows: 

“J” - Sample result is estimated due to calibration or QC problems, but usable 

for evaluating site-related contamination. The estimated flag is also used if 
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results are reported below the method detection limit but above the instrument 

detection limit, 

“D” - Sample result is based on analysis using serial dilution. 

“C” - Sample result was confirmed by repeat analysis. 

“NA” - Analysis for the analyte was not performed. 

“ND” - The analyte was not detected during analysis. 

In addrtron to the above-described codes, the following codes were also used during 

review but not included in the tables for ease of reference: 

“UJ” - The analyte was not detected in the sample and there were other QC 
anomalies associated with the analysis which would have caused the result to be 
estimated. 

“B” - Sample result is less than five times the result in the associated method, 
rinsate, or trip blank and should not be considered site-related but attributable to 
background contamination. For common laboratory contaminants, the result is 
qualified if it is less than 10 times the associated blank. 

“U” - The analyte was not detected during analysis. 

“R” - Sample result is rejected and datum is not usable for evaluating site- 
related contamination. 

Data review was performed on each integrated data package which contained data from 

both sites. Therefore, separating QA/QC issues specific to each site cannot be performed. All 

QA/QC review materials are included in Appendix G. 
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3 Site 1 - Old Landfill 

El... . . . . . . . . . . . . . . . . . . .._ ~ .,.,.,...,.... 

3.1 Introduction 

This section presents a detailed description of Site I - the Old Landfill, and includes a 

discussion of site conditions, disposal history, previous mvestigations, and the field activiries 

conducted during both the 199 I and the 1993 to 1994 RI efforts. The results of data collection 

activities are presented, followed by a discussion on the nature. extent, and fate and transpurt UT 

contamination found at the site. The RI field efforts were conducted prior to any remediation 

and the site was still wooded. Hence, the Kl sampling and analyrical rest&s and groundwalcr 

interpretations are based on those original conditions. 

3.1.1 Site Location and Description 

Site I, the Old Landfill, is located on the northwestern boundary of the WC, separated 

from Route 276 by the facility fence and a small. unnamed stream (see Figure 3-l). The landfill 

was used for disposal of wastes from the early 1940s until the base closed in 1976. The disposal 

activities were unregulated and the landfill is unlined. Local soils were used for cover a trench 

and till operation. Three pits were located in the southwest part of the landfill and one was 

located in the western part that were used for liquids disposal. Records of disposal of potentially 

hazardous wastes were not kept. However, it is known that, after the NTC was formally closed, 

building debris from the demolition of transite-clad (containing asbestos) structures was placed 

on the surface of the northern end of the landfill and covered with a minimal soil cover. By the 

time of the initial site inspection (SI) (Versar, 1988), the site was investigated in 1988, the 

landfill was largely covered by a growth of small trees, shrubs, and forbes. The area1 extent of 

the disposal activities covered approximately 15 acres. The landfill was cleared and the waste 
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was later consolidated into a smaller area and covered by a RCRA Subtitle D-style cap including 

an impermeable membrane as an IRM. 

3.1.1.1 Topography and Surface Features 
Site 1 is located WIT the southeast side of a deeply-incised stream valley leading up from 

the Susquehanna River flood plain at Port Deposit. The valley floor slopes up at an average 

gradient of 6.5 percent. A tributary to the stream along the road has cut a small valley on the 

southeast side of the landfill, SO that the landfill is situated on the ridge between the two streams. 

A water rower/tank is situated appru?tilIlately 625 feet south of the landfill between the 

junction of the two flanking streams, on the same ridge as the landfill. This water tower stores 

treated water withdrawn from the Susquehanna River for distribution to the town of Port 

Deposit. There are no other buildings adjacent to the landfill. An abandoned concrete reservoir 

just 25U feet south of the water tower was used by Port Deposit prior to Ihe cunstructiull uf the 

NTC. It still holds rainwater and overflows into the southern stream bordering the landfill, just 

upstream of the junction of the two streams. 

The landfill was formerly tree-covered, but this has changed as a result ofremediation 

activities. Because the RI data collectIon was performed while the site was srili wooded and 

uncapped, the RI results and groundwater interpretations presented here are based on those pre- 

existing conditions. However, a brief description of the changes to the site is included (OHM 

1996). Approximately 14 acres of forest were cleared and grubbed, and an additional 20 acres 

were cleared for access roads, borrow pits, waste excavation, and stormwater facilities (see 

Figure 3-2). Excavated soils from Site 2 and the pits within the landfill were placed in a cell 

reserved for contaminated materials. The surface of this cell was graded and borrow material 

added to provide a clean surface for the placement of the landfill cover. 

The cover installed consists of a 2-foot thick, compacted, soil layer over which 650,000 

square feet of a geonet/geotextile composite was installed to serve as a gas collection layer. The 

low permeability layer is a 40 mil high density polyethylene (HDPE) geomembrane. The next 

layer is a geonetigeotextile composite drainage net. Above the drainage layer approximately 

33,880 compacted cubic yards of silty sand were installed to serve as a 1.5-foot thick barrier 

layer. Finally, a 6-inch layer consisting of compacted topsoil and woodchips was installed’as the 

vegetative top layer. The resulting Il-acre cap was hydroseeded and mulched. Peripheral 

features include access roads, restored wetlands in the northern drainage areas, and an ancillary 

drainage system. A series of stormwater retention basins control runoff from the landfill and 



forty-three 8~s vent riser pipes were installed through the landfill cap to vent the gas collection 

layer. 

3.1 .I .2 Ecology 

The landfill lies within the mixed oak hardwood forest ecosystem. The entire area, 

including the landfill, has been logged more than once and the original ecology has been 

essentially eliminated, to be replaced with a mixture of farms, woodlors, and urban uses. At the 

NTC, a high proportion of the level area was developed, with buildings and open maintained 

space between buildings covering more than eighty percenr of its entire area, including a golf 

course southeast of Site I. Only the stream courses and some steeper slopes remained wooded. 

After the facility closed much of area began to revert to scrub and woodland. For purposes of 

comparison, in general, approximately 25 percent of Cecil County land is developed, 41 percent 

is in agricultural use. and 34 percent is in forest or other “undeveloped” use (Otton et al. 1988). 

3.1.2 Past Site Waste Disposal Activities 

The old base landfill was used since its inception in the early 1940s for disposal of solid 

wastes generated from daily operations at the NTC. On the basis of recommendations from a 

1968 Pest Control Program Review, it is believed that several types of pesticides were disposed 

in the landfill (Atlantic Division 1968). Subsequent discussions with past NTC employees 

indicate that such disposal(s) took place at some time during the NTC operational period. The 

Navy determined that these pesticides could pose environmental hazards by contaminating 

groundwater aquifers used as sources of drinking water. The review recommended that the 

following types and amounts of pesticides probably should be disposed of in the landfill: 

Aramite 15-W (Miticide) 

Benzene hexachloride I 1% E.C. 

Black Leaf 40 (Nicotine Sulfate) 

Captan 50 WP 

Copper Sulfate 

DDT 25% E.C. 

DDT 20% OS. 

DDT 5% O.S. 

Ferbam 

Karathane 
recycled paper 

60 pounds 

150 gallons 

60 gallons 

1 IO pounds 

20 pounds 

350 gallons 

350 gallons 

100 gallons 

20 gallons 

80 pounds 
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Red Squil 115 pounds 

Ryania 60 pounds 

Pesticides in solid dry form were reported to have been buried at a depth ofapproxi- 

mately 3 feet, whereas liquid pesticides were poured into excavated pit< approximately 30 inches 

deep. The empty pesticide containers were punched with holes and buried along with their 

former contents to prevent further use. The exact location of pesticide disposal was unknown, 

but the program review concluded that it was likely that the pesticides were buried in the central 

area of the landfill. 

in the early 1970s. 40 buildings at the NTC were demolished to make room for a United 

States Department of Labor job training center. After the NTC was formally closed, building 

debris from the demolition of transite-clad (containing asbestos) structures was placed on the 

surface of the northern end of the landfill and covered with a minimal soil cover. The condition 

or contents of the buildings before demolition was not reported (Versar 1988). 

3.2 Previous Investigations 

In 1987, Atlantic Division-NAVFACENGCOM identified the old landfill as an area 

where potential subsurface or surface contamination may have resulted from historic NTC 

facility operations and disposal practices. Versar, Inc. was contracted by the Navy to conduct a 

hydrogeological investigation at the NTC to determine whether additional field efforts would be 

necessary. 

Five groundwater monitoring wells were installed by Versar around the perimeter of the 

landfill in February 1988. Well locations are shown in Figure 3-3. Well l-GW-1 is 

hydraulically upgradient of the landfill and was considered the background monitoring well. The 

remaining four wells (I-GW-2,3,4, and 5) were positioned within or downgradient of the 

landfill to monitor contaminant migration. 

Groundwater samples were collected and static water level measurements made during 

three sampling events conducted in March, May, and July 1988. Personnel from the MDE 

collected split samples during the first two sampling events. Surface water and sediment 

samples were collected from the streams adjacent to the landfill (see Figure 3-4) in conjunition 

with the groundwater sampling events. 

All groundwater, surface water, and sediment samples were analyzed for VOCs and 

organochlorine pesticides. No pesticides were detected in groundwater samples; however, some 
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VOCS were identified. All of the maximum concentrations for the constituents detected were 

below ARARs with the exception of chlorobenzene (CB) ( Versar, 1988). 

CB was detected in monitoring wells 1-GW-3 and 1 -GW-5 during each of the three 

sampling events, with concentrations of370 micrograms per liter (pg/L), 350 ~0, and 290 

pg/I,, respectively in I-GW-3, and 82 ug/L, X2 ug/L, and 168 ug/L, respectively in l&W-% 

The maximum concentration of 350 ug/L was detected during the May 1988 sampling event. 

Versar used the SDWA proposed MCLG for CB (60 ug/L) in drinking water as an ARAR. (The 

SDWA MCL and MCLG are 100 ug/L [EPA 19941.) 

Two surface water stations were estahlished to monitor water quality around the landfill. 

Three VOCs (toluene, I, 1 ,2-trichlorotrifluoroethane. and acetone) and three pesticides 

(heptachlor epoxide. alpha chlordane, and gamma chlordane) were detected in samples. The 

maximum concentrations of the detected compounds were all recorded during the July 1988 

sampling event. Toluene (5 pg/L) and trichlorofluoromethane (3 pg/L) were detected in surface 

water samples. The MCL for toluene is 1,000 ug/L whereas no MCL exists for trichlorofluoro- 

methane. Acetone, for which no available ARAR exists, was quantified at a maximum 

concentration of 15 ug/L. This detection was likely the result of laboratory contamination 

bccnusc acetone was present in the laboratory blank. The three pesticides, detected during the 

July 1988 sampling event only, were all from the upgradient sampling location and were 

detected at the following Icvcls: hcptachlor cpoxidc at its MCL of 0.20 pg/L. alpha chlordnne at 

0.35 ug/L, and gamma chlordane at 0.22 ug/L. The chlordane levels are below the MCL of 2.0 

I.&L. Foi- further information on these sample locations plcasc rcfcr to the Vcrsar 

Hydrogeologic Investigation report. 

Stream sediiueut saruples we~c collected at the same location as surface water samples 

during each of the three sampling events at the old landfill. No VOCs were detected in any of 

the sediments sampled during any of the sampling events. Six organochlorine pesticides, 

4,4’-dichlorodiphenyl trichloroethane (4,4’-DDT), gamma chlordane, alpha chlordane, 

heptachlor, 4,4’-dichlorodiphenyl dichloroethylene (4,4,-DDE), and 4,4’-clicllluruclipllrrryl 

dichloroethane (4,4’-DDD), were detected in Versar sample 1 -SED- 1 (near E & E sample 

location l-SD-1 8), in the upper reaches of the eastern stream, with the highest concentrations 

measured during the month of May 1988. The maximum concentrations detected in 1 -SED- I 

were chlordane at _ISU ug/ktlogram (kg), heptachlor at 97 ug/kg, and 4,4’-DDT at 360 I@&; all 

below the EPA Region III RBCs (EPA 1995). 

In summary, results of the sampling and analysis investigation at the old landfill 

indicated the presence of CB above the MCL in two monitoring wells, I-GW-3 and I-GW-5, - 



adjacent to the landfill. Low levels of six orgnnochlorine pesticides were detected in 1 -SED- 1, 

whereas corresponding surface water samples contained three pesticides: heptachlor epoxide, 

and alpha and gamma chlordnne. 

3.3 Remedial Investigation Field Activities 

3.3.1 Monitoring Well Installation 
Eight monitoring wells were installed at the landfill, during RI field efforts, to 

supplement five existing wells. Four wells ( 1 -GW-6 to 1 -G W-9) were installed in 199 1. The 

monitoring well network established with the addition of these wells was not considered to be 

sufficient to fully determine the extent of contamination. As a result, an additional four wells (l- 

GW- 10 through 1 -G W- 13) were installed in 1993 to address existing data gaps. Construction 

data for all wells installed by either Versar or E & E are presented in Table 3- 1. Well logs are 

provided in Appendix E. 

All eight of the E & E monitoring wells were installed hydraulically downgradient of the 

landfill (see Figure 3-3). Monitoring well I-GW-6 is located approximately 400 feet southwest 

of monitoring well I-GW-4. Monitoring well 1 -GW-7 was located south of the Town’s water 

tank and approximately 900 feet downgradient of Site 1. Monitoring wells I-GW-8 and 

l-GW-9 were installed as a cluster, 300 feet south of 1-GW-3, at the base of the landfill, to 

determine contaminant migration between the water-bearing units. Well I-GW-9 was screened 

in the saprolite and upper bedrock aquifer between 27.5 and 37.5 feet BGS. Well I-GW-8 was 

completed as an open hole in the fractured bedrock from 39 to I22 feet BGS. The two 

monitoring intervals are separated by bedrock with major water bearing fracture zones present. 

Sample results from monitoring well 1-GW-7 indicated the presence of VOCs. This 

well is screened in the saprolitic overburden. Because groundwater flow is controlled primarily 

by fracture porosity and permeability in bedrock, a deep well (1 -GW- 10) was installed in 1993 

adjacent to 1-GW-7 to form a cluster. This well monitors groundwater in bedrock from a depth 

of 35 to 67.5 feet BGS. 

In the 1993 field effort, a monitoring well cluster was installed as far downgradient as 

possble, approximately 550 feet south-southwest of l-GW-7 along Route 276, to define the 

extent of the plume migration. Three wells were installed in this cluster at intervals of 25 to 50 

feet BGS (I-GW-1 I), 50 to 75 feet BGS (1-GW-12), and 75 to 100 feet BGS (I-GW-13). 
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33.2 Sampling 

Sampling of soils, water from pits, surface water and sediment, and groundwater was 

conducted during both phases of the RI to determine the extent of contamination at Site 1 and to 

provide data for risk assessment calculations. 

3.3.2.1 Surface Water and Sediment 

In February 199 1 and again in August 199 1, eight locations were sampled for surface 

water and sediment in the streams and swales draining the Old Landfill (see Figure 3-4). 

Locations PI -SW-5, PI -SW-& and PI -SW-9 were sampled at poinrs in rhe western and 

southeastern streams to assess the level of contaminants in the surface water leaving the landfill. 

Location PI-SW-6 was sampled at the confluence of the two streams to evaluate extent of 

contamination at the most downstream point in the stream leaving the NTC. Locations Pl-SW- 

4, PI -SW-7, and PI -SW- 11 were sampled at groundwater seeps found downgradient of the 

landfill. Location PI-SW-3 is in another stream basin north of the landfill (See Figure 3-4A for 

this location). A ninth surface water and sediment sample (PI-SW-I 0) was collected in 1991 

from one of the three disposal pits located in the southwestern portion of the landfill (see Figure 

3-5). Discussion of this sample will be included with discussion of the pit water and soil 

samples collected in 1994 in Sections 3.6.1 and 3.6.2. All 199 1 surface water and sediment 

samples have been differentiated from the 1994 samples by including the prefix “P” in the 

sample identification (i.e.. PI-SW-7). 

In February 1994, 18 sediment locations were sampled in the streams and swales that 

receive surface water from the Old Landfill (see Figure 3-4). The 1994 locations l-SD- 1, I-SD- 

2, I-SD-3, I-SD-5, I-SD-6, I-SD-13, I-SD-15, I-SL)-17, and I-SD-18 were sampled atpomts in 

the western and southeastern streams to assess the level of contaminants in streambed sediments. 

Samples were collected at locations 1 -SD-l 0, 1 -SD- 11, and 1 -SD- 12 downstream of the 

confluence of the streams to evaluate off-site contaminant levels in sediment. The remaining 

sediment sampling locations (l-SD-4, l-SD-7, l-SD-S, l-SD- 14, and 1 -SD- 16) were at ground- 

water seeps. 

Surface water samples were colocated with six of the sediment samples collected in 

February 1994. Location numbers of surface water samples are identical to the location numbers 

of the sediment samples with which they were collected. Location I-SW-10 was sampled at the 

confluence of the two streams to evaluate contaminant levels at the point furthest downstream on 

the NTC. Surface water was collected at location l-SW- 13 to evaluate the contribution of 

contaminants from the southeastern stream. Surface water samples at locations l-SW-4, 1 -SW- 
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7, I-SW-S, and I-SW- 16 were collected from groundwater seeps. A surface water sample was 

not collected from the seep at location l-SW- 14 due to very low flow during the sampling event. 

All February 1994 surface water sample locations were resampled in August 1994. In addition, a 

surface water sample was collected at location 1 -SW- 1 I to evaluate surface water quality 

downstream and off site. A surface water sample was also collected from the seep at location l- 

SW- 14. Location I -SW- I9 was added during the August sampling event to evaluate contami- 

nant migration in the western stream prior to the confluence of both streams. This location was 

sampled for surface water only. No sediment samples were collected in August 1994. 

Analytical results for surface water and sediment samples are discussed in Sections 3.5.4 

and 3.5.5. 

3.3.2.2 Groundwater 

Two separare RI groundwarer moniroring efforts were conducted by E & E at the 

landfill. The first sampling rounds occurred in February, April, June, and August of 1991. The 

second monitoring effort was conducted bi-monthly in 1994, with sampling in January, March, 

May/June, August, October, and December. The initial monitoring wells I&W-l through 

I-GW-9 had been sampled in 1991. The 1994 effort resampled these wells and wells I-GW- 10 

through I-GW-13, which were constructed in 1993 (Figure 3-3). Samples were collected and 

analyzed for VOCs, BNAs, pesticides/PCBs, metals, TPHs, and cyanide. Groundwater samples 

collected in 1994 were analyzed for the above parameters and dissolved metals. During the last 

three sampling events, additional samples were collected for vinyl chloride analysis from all 

wells at Site 1 except I-GW-I, I-GW-2, and l-GW-4. This analysis used a lower detection limit 

than the procedure used previously. Section 3.5.3 presents analytical results. 

3.3.2.3 Pit Water and Soils 

In February and August 1991, a surface water and soil sample (PI-SD-IO and Pl-SW- 

IO) was collected from the easternmost of the three suspected disposal pits at the landfill (see 

Figure 3-5). Analytical results from these samples prompted further investigation of the pits. 

In February 1994, six soil samples and three surface water samples were collected from 

locations within the three suspected disposal pits. In each pit, one soil sample was collected near 

the side of the pit and one soil sample was collected from the center of the pit (see Figure 3-S). 

All soil samples were collected from the upper 8 inches of soil using a bucket auger. A surface 

water sample was also collected from the standing water in each of the three pits. 
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During the 1994 investigation, another suspected disposal pit was identified approxi- 

mately 150 feet southeast of monitoring well I-GW-2. Five soil samples and one surface water 

sample were collected from this pit. Three of the soil samples were collected from the middle nf 

the pit. The remaining two samples were collected on the side of the pit (see Figure 3-6). All 

soil sample< were cnllected frnm the upper 8 inches of snil nqing a hncket anger 

The air temperature during the February 1994 pit sampling was low enough to form ice 

on the surface water. At sampling locations, a hole was cut in the ice using an ice pick. The 

sample, soil or water, then was collected through the hole in the ice. 

3.3.3 Aquifer Testing 

Slug testing was conducted on monitoring wells I-GW- I, I -GW-4, 1 -GW-7, I-GW-8 in 

1991 and at I-GW- 10 through I-GW-13 in 1994. The tests were carried out to determine the 

hydraulic conductivity in rhe borehole and to esrimare rransmissivity of the aquifer in the vicinity 

of the wells. These data were used to estimate the rate of groundwater flow and transport rates 

of contaminants. 

Aquifer properties such as hydraulic conductivity and transmissivity are shown in 

‘l‘able 3-Z and the data and the graphical interpretation of the data are presented in Appendix F. 

3.4 Results of Fieldwork - Physical Characteristics 

In this section the physical results of field activities conducted at Site 1 are summarized. 

These results of activities described in Section 2 include aerial photograph interpretation, a VLF 

geophysical survey, landfill delineation, borehole logging, water level measurements, surface 

water flow estimates, aquifer testing, D oeological interpretation, and groundwater hydrology. 

3.4.1 Geophysics 

In December 1990, E Rr E employed Hager-Richter Genwience Inc. [H-RG) to perform 

an aerial photograph analysis to identify linear features of potential geologic significance. The 

linear features were identified on aerial photographs of the site at a scale of 1 foot = 400 feet. 

Following analysis, a small (3.5 acre) survey of a selected area just below the old landfill was 

performed to identify a location for installing a cluster of monitoring wells at the intersection of 

bedrock fractures. This was accomplished by using an ABEM Wadi VLF survey instrument to 

detect zones of higher conductivity within a target depth below ground surface. The report, with 

maps, is presented in Appendix A. 
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A location 190 feet north and 150 feet east of l-GW-5 was identified as being on a 

fracture zone running essentially parallel to Route 276 and close to the southeast side of I-GW- 

5. Wells l-GW-8 and l-GW-9 were installed at this location. This direction of fracturing is 

interpreted as being the cause of the dominant direction of enhanced hydraulic conductivity and 

anisotropic groundwater flow in this site. 

3.42 Extent of Landfill 

The landfill delineation investigation revealed several areas of fill that were outside the 

suspecred landfill boundaries. An area southwest of the road at the base of the suspected 

southwest landfill boundary contained building debris and what appeared to be discarded 

appliances. The northeast side of the landfill was extended to include additional landfill material 

detected. The northwestern boundary of the landfill was assumed to be the toe of steep slope of 

visible rubble that bordered the stream at the base. Access problems prevented excavation on 

that side of the landfill. E & E test pit locations are shown on Figure 3-7 and the test pit logs are 

presented m Appendix C. 

It was later determined by OHM that wastes were present on the other side of the 

stream, adjacent to Route 276 near well I-GW-2. Please Keter to the UHM k mal Kemoval 

Action Contractor Close-out report for further information. 

3.4.3 Conceptual Model Of Hydrogeological Framework 

The landfill is underlain by a variable thickness of saprolite which grades at depth to 

competent fractured bedrock (see Figure 3-8 for contours on top of bedrock). The landfill is 

situated on a ridge and is flanked on either side by two un-named streams that join and then flow 

south along Route 276 to Port Deposit (Figure 3-9). In this hydrogeologic setting, the major 

streams are interpreted to lie in large regional fracture zones resulting in more intense weathering 

that forms deeply dissected stream valleys. In general, groundwater from the interstream 

uplands discharges to the adjacent streams in the form of baseflow which maintains flow in the 

streams during prolonged periods without precipitation. Therefore, the streams and underlying 

fracture zones are strong hydrogeologic boundaries that constrain the migration of contaminants 

in groundwater from the landfill. 

This conceptual model of groundwater flow (i.e. discharge to the adjacent streams and 

their underlying fracture zones) is confirmed by detection of landfill contaminants in 

groundwater seeps discharging to the streams downgradient of the landfill. In addition, a cluster 

of wells installed as far downgradient as possible, in the major fracture zone parallel to Route 
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276 has also intercepted landfill contaminnnts migrating in this fracture zone. This major 

fracture zone runs downhill parallel to Route 276 and intersects the Susquehanna River 

pnleochannel deposits nt the town of Port Deposit. 

3.4.4 Soils 

Soils in the vicinity of the Old Landfill site are complex mixture of Manor loam, 

Montalto silty clay loam, Legore silty clay loam, Woodstown sandy loam, and Chester silt loam 

(USDA 1973). The upper reaches of the streams on either side of the landfill are underlain by 

Balle slit loam. The lower reaches of the streams (i.e. downsrream of the landfill) are mapped as 

Glenville silt loam. 

The landfill itself is mapped as Made Land. A small area of Made Land is noted along 

Route 276 partly under the site of the rubble landfill, but is not necessarily fill, and may only 

represent land disturbed during road construction. 

3.4.5 Aquifer Test Results 

Data acquired from the slug tests were analyzed with SLUGIX software using the 

Bouwer and Rice method for unconfined aquifers with partially or completely penetrating wells. 

The data are presented in Appendix F. Hydraulic conductivity (K) and transmissivity (T) values 

are presented in Table 3-,. 3 Test results were derived from the best fit between the plotted data 

and an average regression line. Although both rising and falling head tests were conducted. the 

data from the rising head tests was less variable than the falling head data. The variability may 

be attributed to the insertion of the slug into the well at the start of the falling head test. The 

rising head data represents water entering the well from the aquifer and may be more 

representative. Only well I-GW- I3 showed comparable results for both tests. The hydraulic 

conductivity values in this well were within I .5 percent of each other for both rising and falling 

head tests. 

Monitoring well l-GW-7 is screened in the overburden. and wells I-GW-4 and I-GW-I 

are screened across the overburden/weathered bedrock interface. The remainder of the wells 

tested are open hole bedrock wells. Hydraulic conductivity ranged from 9.17 1 x 

1 o-4 cm/s at l-GW-7 to 2.125 x IO-’ cm/s at 1 -GW-8. Calculated transmissivity values ranged 

from 2.795 x 10-l cm*/s at I-GW-7 to 53.77 cm*/s at I-GW-8. The geometric mean of 

hydraulic conductivities is 4.791 x 10V3 cm/s and for transmissivity 3.882 cm*/s. If the data are 

log normally distributed, approximately 68 percent of the values should lie between the 

following values: the Geometric Mean (M) divided by the Geometric Standard Deviation (D), 
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on the one hand, and M multiplied by D (M x D) on the other. In the case of Site I hydraulic 

conductivities, the values of M/D and M x D are 4.846 x IO-’ cm/s and 4.736 x IO-’ cm/s 

respectively. All wells have values within this range. For transmissivity the range of M/D to M 

x D is from 0.222 cm2/s to 67.643 cm*/s. All values for transmissivity lie within this range (see 

Table 3-2). 

The variability of the hydraulic conductivity of the bedrock is related to depth, degree of 

weathering, and fractures. The hydraulic conductivity and transmissivity values derived from 

the curve matching were reviewed for consistency with values given in the literature (Freeze and 

Cherry 1979) for the types of formations encountered at the site. The data arc within the range 

of values of hydraulic conductivity in fractured rock. 

3.4.6 Groundwater Hydrology 
Groundwater elevation contours for Site I have been developed usmg two assumptions. 

First, that in a humid climate, streams are typically gaining along much oftheir lengths; and, 

second, that the water table is typically a subdued reflection of the topography. These assump- 

tions have been confirmed by casual field observations that show increasing flows in the streams 

on either side of the landfill during low flow periods when groundwater discharge is the only 

source of flow, and by water levels in wells, which show hydraulic gradients running subparallel 

to the ground surface. Where well pairs have been installed, (i.e., at wells I-GW-8 and l-GW-9, 

and at wells l-GW-7 and I-GW- IO) the hydraulic gradients indicate upward flow at the two well 

pairs. At the well triplet (l-GW-11, l-GW-12, and I-GW- 13) along Route 276 below the site, 

the hydraulic gradient is downwards. 

Based on the above assumptions and the elevations of groundwater measured in the 

monitoring wells (see Table 3-3) six figures were prepared showing the water table elevation 

under the site in January 1994, March IYY4, May/June 1994, August 1994, October 19514, and 

December 1994 (see Figures 3-10 through 3-15). Because the highest elevation in the water 

table in well l&W- 1 averages 258.0 feet AMSL, whereas the lowest elevation, in well I-GW-13 

averages 90.30 feet AMSL, hydraulic gradients are steep (7.5 percent on average). Because the 

average fluctuation ot groundwater elevation across the year is 3.83 feet, the overall groundwater 

flow pattern does not vary. This allowed the incorporation of water levels from two Versar’wells 

at the rubble landfill despite their having been measured only once. In locations with well pairs 

installed, there is no consistency in the size of the water level variations. At wells l-GW-8 and 

l-GW-9, the static water level (SW-L) were highly variable (8.70 feet per year and 9.22 feet per 

year, respectively). At wells l-GW-7 and I-GW-10, the SWL in the deeper well (l-GW-10) 
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flrlctunted much less (Cl 5 feet) than dici the SWL.. in the shallow well (3 06 feet). At I&W-I 1, I- 

GW-12, and l-GW-13, fluctuations show similar ranges in all three wells but the deeper wells 

show lesser fluctuations then the shallowest. 

Because both the saprolite and bedrock zones show fracture flow, the directions of 

groundwater flow cannot always be assumed to be at right angles to the groundwater elevation 

contours. Because of the anisotropy of the saprolite and the bedrock, groundwater flow 

velocities may vary significantly, with greater velocities occurring where flow directions are 

parallel to the direction of maximum hydraulic conductivity when compared to areas when the 

hydraulic gradient is at a high angle to the prevailing fracture direction (as in the valley walls 

southwest of Site I ). 

Hydraulic conductivity and transmissivity were measured in eight of the monitoring 

wells at Site 1 (see Table 3-2). The average hydraulic conductivity was 9.4 18 x 10-j cm/set, but 

ranged from 9.17 I x 1 Oe4 cm/set at well 1 -GW-7, to 2.125 x 1 O-’ cm/set at well 1 -GW-4, a 23- 

fold range, which indicates considerable heterogeneity. The ranges are well within those 

reported for other Piedmont area wells with the exception of anomalously high transmissivity at 

well l-GW-8 (53.77 cm2/sec). 

Directions of groundwater flow are best determined by analysis of hydraulic head 

gradients and distribution of contamination, as the contaminants can be used as tracers. It is 

clear that in general all contaminants from the landfill at Site 1 will discharge to the streams on 

either side of the landfill, or to the fracture zone along Route 276 and then southwest towards the 

Susquehanna River. 

3.4.7 Surface Water Hydrology 

The two streams on either side of the landfill at Site 1 are assumed to be gaining streams 

over most of their lengths, as they continue to flow during prolonged periods without rainfall. 

Their upper ends. above approximately 220 feet AMSL in the stream along Route 276, and 

above perhaps 260 feet AMSL along the southern stream, may dry during droughts as the water 

table elevation falls below the streambed elevation. In the northern stream, this may be due to its 

bed having been raised by siltmg or even fillmg since the construction of the NTC. 

The drainage areas of the two streams above their junction are estimated at 75 acres for 

the northwest stream and 104 acres ftir the southeast stream. Using the data developed in 

Section 1.3.5 for the Route 276 stream, average, low, and maximum flows can be estimated. The 

estimated average flow, 7-day IO-year low flow for the northwest stream, and maximum flows 

for two year and fifty year recurrences are: 80 gallons per minute (gpm); 5.6 gpm; 3,000 gpm; 
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and 12,01)0 gpm, respectively. For the stream southeast of the landfill the comparable figllres are 

average flow, I 1 I gpm; 7-day I O-year low flow, 7.8 gpm; two year recurrence maximum, 4, I60 

gpm; and fnr a SO-year recurrence interval maximum flow, 16,641) gpm 

Combined maximum flows through the culvert under Route 276 would be approxi- 

mately 64 ft’/sec at the 50 year recurrence interval. The 7-day I O-year low fiow would be 

approximately 0.03 ft’/sec. Because the Site I landfill is has been capped and stripped of tree 

cover, and a rubble landfill has been constructed north of it but at least partly within this 

watershed, surface runoff is likely to increase and groundwater discharge will decrease, causing 

an even greater tendency of these streams to have high maximum flows and low minimum flows. 

3.4.8 Sediment 

Sediments in the streams adjoining the Site I landfill consist of silt and clay from soil 

and weathered saprolite mixed with fragments of bedrock of various sizes. Below the elevations 

where bedrock crops out in these streams, there is less fine sediment and more rock fragments. 

Sediment sampling locations were selected to favor cullectiun of he grairled IIM~CI ial because 

of the affinity for,hydrophobic contaminants to sorb to the finer grained materiaJs. Although no 

geotechnical (i.e., grain size) analyses were conducted to confirm this fact, it is anticipated that 

samples were comprised primarily of sediment with size ranges lower than those typically 

encountered in these streams. 

3.5 Nature and Extent of Contamination 

This section presents the nature and extent of contamination, by medium or surficial 

feature, at Site I. The investigations were completed prior to site remediation and some sample 

points discussed in this section may represent contaminated media that were removed as part of 

the IRM. Contaminants that were detected at concentrations above screening values are 

presented in Table 3-4. The screening values for groundwater. soil, and surface water are 

presented as Tables 3-5, 3-6, and 3-7, respectively. These values were developed from literature 

as to the appropriateness for use in developing a picture of the contamination profile of the site. 

3.51. Pit Soils 

Four pits were identified in the landfill during the remedial investigation that appeared 

to be the site of disposal activities. Three pits were located approximately 100 feet southeast of 

I -GW-3. A single pit was located approximately I50 feet southeast of the location of the 
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former well 1-GW-2. Two soil samples (one in the middle, one on the side) and one water 

sample were taken from each of the three pits in February 1994 (see Figure 3-5). Five soil 

samples and one water sample were collected from the pit near former well I-GW-2 in February 

1994 (see Figure 3-6). Of the five soil samples, three were taken along the northeast-southwest 

axis of the pit, ond two were collected from the side. In addition, one “surface water/sediment” 

sample was taken from the easternmost of the three pits in both February and August 1991. The 

analytical results summary for the pit soils is presented in Table 3-8. 

OHM conducted a more extensive investigation of disposal pit soils as part of the 

removal action. Plcase refer to the OHM Final Removal Action Contractor close-out report for 

additional information. 

3.5.1.1 lnorganics 

Six metals were identified in the pit soils that consistently exceeded screening values 

presented in Table 3-6: arsenic, barium, beryllium, chromium. lead, and nickel. Of these, 

barium, chromium. and nickel exceeded only the conservative OSWER soil screening levels 

(SSL) for migration to groundwater. The EPA Region III RBC, the more widely used screening 

value, is approximately an order of magnitude higher than the OSWER SSL for each of these 

metals. None of the detections for these three metals approached their RBC. The arsenic 

screening value is based on the RBC for carcinogenic effects. An alternative RBC of 23 mg/kg 

exists for the non-carcinogenic effects of arsenic. It is often used because the carcinogenic RBC, 

based on an acceptable threshold of IO-‘, is considered exceedingly conservative. In fact, 

estimates of daily adult intake of arsenic in the United States (of 25 to SO pg) corresponds to a 

estimated cancer risk of 6 x 1 O-” to 1 x 10-j using the same risk assessment methodology (WHO 

1981) 

In general. the concentrations of these metals are within the range for eastern U.S. soils 

(Shacklet-te and Boemgen 1984). The notable exception is lead, which not only consistently 

exceeds its screening value of 400 ug/g, but also the typical background range of 10 to 300 ug/g. 

The pits were allegedly the site of liquid disposal, possibly of petroleum products (see Section 

3.6.1.2). Lead is a contaminant commonly found in used petroleum products, which is consistent 

with the findings for organics. The other five metals detected above screening values could’ also 

be related to liquid wastes such as petroleum products and spent battery fluids. Hence these 

detections may be reflective not of the natural presence of these metals, but of the disposal of 

similar types of waste in the pits. Sample 1-PS-8 has markedly higher concentrations for several 



metals (chromium, copper, lead, nickel, and zinc) than the other pits. This sample was taken 

from the central pit near l-GW-3. 

These pits were remediated by OHM in 1995 (OHM 1996h). The liquid waq removed 

and the soils were excavated, stabilized, and moved to a cell high within the landfill. Therefore, 

these snils are no longer exposed nor are they stlbject to leaching by vertical infiltration of 

groundwater. However, leachate from these pits that has already migrated to the aquifer or that 

could conceivably be generated as a result of lateral migration of shallow groundwater, would be 

subject to transport in the aquifer. In addition, the landfill cap was extended to cover the area 

where the pits were formerly located. 

3.5.1.2 Organics 

A variety of organics were detected above screening values in the large pit near l-GW-2 

( 1 -PS- I through l-PS-5), mostly in the soil samples collected from the interior of the pit in 

February 1994. Two of the three from the interior showed fairly substantial concentrations of 

ethylbenzene (6,500 &kg), toluene (140,000 @kg), xylenes (78.000 pg/kg; together with 

benzene, these comprise the BTEX compounds), acetone (34,000 pg/kg), CB (1,700 pg/kg), and 

methylene chloride ( I Z,UUU pg/kg). These concentrations exceed the conservative soils 

screening levels calculated by OSWER (OSWER I994), which were used as the screening 

values. They do not exceed the EPA Region 111 RBCs, which are more widely recogmzed I‘Ks. 

There were also detections above screening values for two pesticides (DDD and DDE) 

in these three pits. The concentrations of DDD exceeded both the OSWER standards and the 

EPA Region III RBCs. The samples taken from the side of the pit had DDD concentrations 

above the OSWER screening values as well. All five of the samples had TPH concentrations 

ranging from 18,000 to 140,000 mg/kg (1.8 to 14 percent). There is no screening value for TPH, 

but these concentrations are significant, and reflect disposal of petroleum related products. This 

is also the likely source of the VOCs and PAHs (detected, but not above screening values) in 

these samples. This pit was resampled by OHM in October 1994 (OHM 1996a). The samples 

were tested using the toxicity characteristic leaching procedure (TCLP) to determine whether 

they exhibited any characteristics of a hazardous waste, but were below any regulatory levels. 

Samples collected in the triple pits near 1 -GW-3 exceeded screening values for a vgriety 

oforganics as weII. In general, the soil samples taken from the interior of the pits (l-PS-6, l-PS- 

8, and 1 -PS- 10) had higher concentrations than those on the outside. The BTEX compounds 

were the most common VOCs found, with ethylbenzene ranging from 920 to 27,000 l@kg, 

toluene from 180 to 140,000 &kg, and xylenes from 1,300 to 440,000 &kg. Other VOCs 
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detected above screening values include I ,2-dichloroethylene (1,2-DCE; 1,500 pg/kg), CB 

(1,400 ug/kg), methylene chloride (9,300 pg/kg), and tetrachloroethylene (PCE; 1,200 pgkg). 

Several pesticides were detected above screening values. including DDD (190 to 17,000 pg/kg), 

DDE (980 pg/kg), aldrin (20 to 67 &kg), and heptachlor. Aldrin and DDD were found, in some 

cases, to exceed not only the OSWER guidelines. but also the EPA Region 111 RRCs All six 

samples had TPH contamination, at levels ranging from 88,000 to 320,000 mg/kg (8.8 to 32 

percent). As with the single pit near l-GW-2, this likely reflects the disposal ofwaste 

petroleum-related products, and is the likely source of the VOCs in these samples. 

Sample PI -SD- IO, which was tsken in the easternmost of the three pits pit near 1 -GW-3 

in February I99 I and again in August I99 1, had exceedances only for benzo(a)pyrene (290 

ug/kg) and bis(2-ethylhexyl)phthalate (45,000 &kg). The PAH is probably site-related, most 

likely related to the waste petroleum contamination discussed above. 

These pits were sampled twice by OHM in 1994. The first one, a composite sample 

taken from the two westernmost pits, did not exhibit any characteristics of a hazardous waste 

using the TCLP. The second one was a composite of stained sidewall soils taken during the 

excavation of the pits. and also did not exhibit any characteristics of a hazardous waste. It was 

also sampled for TCL VOCs and TPHs. No VOCs were found to exceed EPA RBCs; the TPHs 

measured 193,000 mg/kg, within the range found in E & E samples. 

Based on the reported results, it appears that these pits were used for waste disposal, 

most likely of petroleum related products. Also, the elevated pesticide concentrations probably 

arc rcflcctivc of pcsticidc disposal. However, as stotcd above, thcsc pits have been rcmcdiatcd 

and the locations are covered by a landfill cap installed by OHM in 1995. Therefore, these soils 

arc no longer cr;poscd to the surface, nor are they subject to lcaching by infiltrating rainwater. 

However, leachate from these pits that has already migrated to groundwater may still be in 

transport in the aquifer. 

3.5.2 Pit Water 

In 1994, one water sample from each of the four pits (one near I-GW-2 and three near 

I-GW-3) was collected. In addition, in 1991, one surface water sample was taken from the 

easternmost of the three pits near l-GW-3. A summary of the analytical results is presented in 

Table 3-9. 
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3.5.2.1 lnorganics 

Six metals were found to exceed surface water screening values: arsenic, chromium, 

copper, lead, silver and zinc. Arsenic and silver both have conscrvativc screening values (0.018 

pg/g and 0.12 pg/g, respectively). The arsenic screening value is exceeded in one sample, at a 

concentration of 2.5 &L, whereas silver is exceeded in four samples with similar concentrations 

(3.3 to 4.5 pg/L). Silver is not ordinarily detected naturally, so this could mean it is related to 

disposal practices. However, the nearly identical concentration in the four samples may imply a 

common origin. The chromium screening value (10 pg/L) is exceeded once (I 9 pg/L). Copper, 

lead, and zinc wee-e all detected at maximum concentrations, respectively, 55, 1760, and 808 

pg/L. These could all be the result of disposal practices (of petroleum products, in the case of 

lead, and brass products in the case of copper and zinc). These data are consistent with pit soils 

data discussed in Section 3.6.1.1. Disposal pit water has been removed, while pit material and 

underlying soil have been place in a lined cell and covered by the landfill cap installed by OHM. 

Therefore, these areas are neither exposed nor subject to leaching by vertical infiltration of 

precipirarion. 

2.5.2.2 Organics 

No organics were detected in the water sample from the single pit near well l-GW-2. A 

variety of organics were found in 1994 in the water in the three pits near I-GW-3. In the 

easternmost pit, screening values were exceeded for trichloroethylene (TCE; 300 pg/L), PCE 

(130 @L), and vinyl chloride (VC; 7.0 &L). However, these screening values (2.7, 0.8, and 2 

pg/L, respectively) were based on human consumption of water and aquatic organisms, an 

unrealistic scenario before the landfill was covered, and impossible now. Water from the other 

two pits had detections of ethyl benzene and xylenes (2 to 56 pg!L). In addition, water from 

these two pits had low level detections of aromatics (I to 3 pg/L), which do not have screening 

values. TPH was detected in water from these pits at concentrations of 2.6 to 280 pg/L. TPH 

does not have a screening value, but these levels indicate the disposal of some petroleum-related 

products in the pits, which is consistent with the pit soil samples. 

The 1991 water sample, 1 -PW-4, collected from the easternmost pit had levels of BTEX 

compounds ranging from 11 to 124 pg/L, all below screening values. Several PAHs were ’ 

detected in these samples, including chrysene (3.0 pg/L), which is above its screening value 

(0.0028 &L). Again, this screening value was based on human consumption of water and 

aquatic organisms, which is not a realistic scenario. This sample also exceeded conservative 

screening values (DDD at 0.00083 pg5 and DDE at 0.00059 @L) developed for human health. 
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All of the water samples from the pits near 1 -GW-3 clearly show the effects of the 

disposal of petroleum related products, and possibly pesticides. These results are consistent with 

the pit soil samples. Disposal pit water has been removed. while pit material and underlying soil 

have been place in a lined cell and covered by the landfill cap installed by OHM. However, 

leachate from these pits that has already migrated to groundwater may still be in the aquifer. 

3.5.3 Groundwater 
Groundwater samples were collected at Site I during the I99 I and 1994 field efforts. A 

summary of analytical results are presented in Table 3- 10. 

3.5.3.1 lnorganics 

A variety of metals were detected in the groundwater at Site I, but most were below 

screening values, Calcium, iron, magnesium, potassium, and sodium were all detected 

consistently above screening values. However, there are no regulatory action levels associated 

with these metals; all of their screening values are based on background levels (I-GW- 1). These 

live analytes are all soluble, naturally occurring metals. 

Manganese was also frequently detected at concentrations exceeding its screening value, 

which was based on a REK. However, manganese is also a naturally occurring metal, often 

associated with mineral deposits along with iron. Nevertheless, it appears that elevated 

manganese concentrations are derived from the landfill. Unlike the five metals discussed above 

that were detected in most of the wells at site I, elevated manganese concentrations were only 

found in wells immediately downgradient of the landfill, l-GW-3, I-GW-5, l-GW-8, and I-GW- 

9. In these wells. manganese was found at concentrations up to two orders of magnitude higher 

than its RBC of 180 pg./L. 

All other exceedances of screening values were infrequent. Chromium exceeded its 

screening value of 100 &L in l-GW-2 (132 us/L). In I-GW-3, cadmium (6.4 ug/L) exceeded 

its screening value of 5 ug/L, and thallium (2.0 ug/L) exceeded its screening value of 0.4 /@L. 

Thallium also exceeded its screening value in l-GW-5 (2. I pg/L) and l-GW-6 (5.5 l&L). 

Finally, nickel exceeded its screening value of 100 ug/L in I-GW- 13 (181 ug/L). Sample results 

are presented in Table 3-10. 

In summary. elevated manganese concentrations at wells I-GW-3, 5, 8, and 9 appear to 

represent site-related contamination, based on the detection profile. No other inorganic 

contaminants were consistently detected at elevated levels in several downgradient wells. 



3.5.3.2 Organics 
In the 10 groundwater sampling rounds, I5 volatile organic compounds (VOCs), 12 base 

neutral-acid extractable compounds (BNAs). two pesticides and total petroleum hydrocarbons 

were detected in at least one of 13 wells at Site I. However, most of these compounds were 

detected below screening values. TPH does not have a screening value, but it was only detected 

in five samples, to a maximum of 8.4 mg/L. Well I-GW- I, which is several hundred feet 

northeast of the landfill did not show any detections exceeding screening values. Based on the 

south-southwest groundwater flow direction, this well can be considered background. Therefore, 

the contaminants discussed below, which were detected in wells downgradient of the landfill, 

can be reasonably attributed to the landfill. 

Five compounds were detected at least once above screening values: I ,2-DCE, CB, 

TCE, vinyl chloride, and bis(2-ethylhexyl)phthalate. The phthalate. which was detected 

sporadically, and exceeded its screening value I3 times, is a plasticizer and common sampling 

and/or laboratory contaminant. I.2-DCE and vinyl chloride were detected above their screening 

values only in l-GW-9, 1,2-DCE in nne sample round anri vinyl chloride in two. These were the 

only detections of vinyl chloride at Site 1. I,,- 7 DC& on the other hand, was detected within one 

order of magnitude of its screening value (85 pg/L) cnnsistently in several wcll~ Therefore, it is 

discussed further below, along with CB and TCE. In addition, I ,4-dichlorobenzene (1,4-DCB) 

was detected consistently in several wells, although below its screening value of 75 pg/L, and is 

discussed as well. 

Four organic compounds were detected consistently in several Site I monitoring wells. 

Two of them, I,2-DCE and TCE, are two-carbon, straight chain, chlorinated VOCs, and the other 

two, CB, and I ,4 DCB, are chlorinated single-ring aromatic compounds. These detections are 

summarized in Table 3- IO. Figures 3- 16 through 3- I8 depict concentrations of these four 

chcmicnls in groundwnter at Site 1 in August 1991, January 1994, and December 1994. CB was 

detected in the following wells: in I-GW-3 in 10 rounds, ranging from 130 to 370 pg!L, average 

of 260 &L; in l-GW-4 in four rounds in 1991, ranging from 14 to 71 pg/L, average of 56 pg/L; 

in I-GW-5 in 9 rounds, ranging from 97 to 160 pg/L, average of 136 pg/L; in l-GW-6 in one 

round in 199 1 at 170 pg/L; in I-GW-8 10 rounds, ranging from 6 to 220 pg/L, average of 105 

pg/L; and, in I -G W-9 . rn nine rounds, ranging from 15 to 160 &L, average of 94 &L. 1,4- 

DCB was dctcctcd in the same wells: in 1-G W- 1 in 10 rounds averaging 27 11g.k; in I-GW-4 in 

three rounds in 1991 averaging 6 pg/L; in I-GW-5 in nine rounds averaging 16 pgk; in 1-GW-6 

in one round at 18 pg/L; in l-GW-8 in 10 rounds averaging 15 p&L; and in 1 &W-9 in 10 

rounds averaging 15 pgIL. 
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CB and 1,4-DCB are very similar compounds and it is clear that their detections are 

evidence of a similar source of contaminated groundwater. The data on the two contaminants 

parallel each other completely, even in wells I-GW-4 and I-GW-6. where they were detected 

only in the earlier, 199 I sampling rounds. Both CB and 1,4-DCB show maximum average 

concentrations in l-GW-3. which is adjacent to the southwestern comer of the landfill. In l- 

GW-5, 1 -GW-8 and 1 -GW-9, the average concentration of each compound is about half the 

average in I-GW-3. These data would suggest that the source of these compounds is somewhere 

within the landfill. possibly the three pits, and that they have been migrating to the south- 

southwest. with groundwater flow. The drop in concentration indicates some dilution and/or 

transformation effects, but the significant detections in 1-GW-5, which is several hundred feet 

downgradient of 1 -GW-3, indicates considerable contaminant transport. The concentrations of 

each compound in I-GW-8 and I-GW-9 are virtually identical, indicating considerable vertical 

mixing. In nne sense this is sllrpricing, ~CRIIS~ it appears that there is an ~~pward vertical 

gradient in this area (see Section 3.4.6) However, it was also observed that the water level in 

these wells fluctuated considerably in different sampling rounds. A rising and falling water table 

could therefore explain this mixing. 

CB and 1.4-DCB were detected in early rounds in 1 -GW-4 and 1-GW-6. These two 

wells are located along the southeastern boundary downgradient of the landfill, but, they are not 

directly downgradient of the three pits which are suspected to be the major source. This is 

supported by the fact that contaminant concentrations in these wells were lower than the other 

wells, 1 -GW-3, 5, 7, 8, and 9. The only other instance of temporal variation of CB and 1 ,I-DCB 

is in well I-GW-9. In the four 1991 sampling rounds, the concentration of CB averaged 142 

pg/L and 1,4-DCB avcragcd 23 pg/L. In the six 1394 rounds, however, average concentrations 

in I -GW-9 dropped approximately threefold, to 45 pg/L and 7.5 pg/L, respectively. 

CBS are common constituents of petroleum products, and probably represent evidence 

of some unknown source or of disposal practices in the pits. 1,4-DCB biotransforms readily to 

CB UII&I a variety of conditions (see Section 3.6). Thercforc, it is not surprising that CB is 

detected at much greater concentrations, approximately one order of magnitude higher. Based 

on this observation and the fact that the plume has extended considerably downgradient of the 

landfill, it appears that this plume has existed for many years, with quite a bit of intrinsic incsitu 

blorransfot-mation. More detail regarding tht: f&t: aud tlanspolt of thcsc compounds can be 

found in Section 3.7. 

The chlorinated ethylenes, TCE and 1,2-DCE, were detected in 1-GW-5, 1-GW-6, 

l-GW-7, l-GW-8, 1-GW-9, I-GW-10, 1-GW-11, 1-GW-12 and 1-GW-13. Average 



concentrations of TCE and DCE, respectively, in these wells were 3 and 5 pg/L; 7 and 4 pg/L; 6 

and 22 pg/L; 1 and 4 pg/L; 11 and 44 pg/L; 6 and 2 I pg/L; 1.5 and 4 I.@; I and 4 pg/L; and 0 

and 5 pg/L. 

Once again, it is clear that variations in the levels of these very similar compounds 

mirror each other closely, and represent a similar source. As with the CBS, the maximum 

concentrations detected were in well I-GW-3, the well closest to the landfill. However, the 

plume extends downgradient to the southwest, based on detections in other wells. I -GW-5, the 

closest downgradient well to I -GW-9, shows concentrations that are lower than those in the I- 

GW-7/l -GW- IO cluster, which is several hundred feet further downgradient. 

TCE and I ,2-DCE were detected in the two downgradient clusters 1 -GW-7/l -G W- 10 

and I -GW- 1 I /l-G W- 12/l -GW- 13. The CBS, which are approximately an order of magnitude 

less mobile in groundwater (see Section 3.6), were not detected downgradient of l-GW-5. The 

concentration in the three-well cluster, which is the most downgradient, clearly shows the effects 

of dilution/biotransformation. However, the consistent detections is clear evidence that the 

chlorinated ethylene plume has migrated at least that far. As with the CBS, however, there is no 

clear pattern of contaminant concentrations varying over time, either in the wells near the source 

or the downgradient wells. 

1,2-DCE is the first degradation compound of TCE. This degradation can occur both 

under aerobic and anaerobic conditions (see Section 3.6.1.1). Similar to the CBS, this could 

explain why concentrations of I ,2-DCE are higher than those for TCE. if TCE was the primary 

contaminant originally. 

3.5.4 Surface Water 

Surface water samples were taken both during the 1991 and 1994 field efforts. In 

February and again in August 1991, eight surface water samples were taken. PI-SW-3 was 

collected from a creek north ofthe parade ground and “H” building. PI-SW-4 through PI-SW-6 

were taken along rhe creek on the northwestern side of the landfill. PI-SW-7 through PI-SW-9 

and P 1 -SW- 11 were taken along the creek on the southwestern side of the landfill (P 1 -SW- 10 is 

listed with the surface water data, but was taken from one of rhe pits, and is therefore discussed 

with other pit water samples). In 1994, nine surface water locations were sampled in February 

and again in August. They were colocated with similarly numbered sediment samples discussed 

in Section 3.6.5, although not all sediment locations had water available to sample. Samples l- 

SW-4, l-SW-7, l-SW-& l-SW-IO, l-SW-13 and I-SW 19 were taken in the northwest creek. l- 

SW- 14 and l-SW- 16 were taken in the southeastern creek. 1 -SW- 11 was taken downstream of 
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the confluence of the two creeks. Both creeks receive groundwater discharge, and seeps were 

observed on the landfill side of both. Therefore, detections in the surface water may be 

indicative of contaminant migration from the landfill. Sample results are presented in Table 3- 

11 and the locations are presented on Figure 3-4. 

3.5.4.1 lnorganics 

The following metals were found to exceed screening values: antimony, arsenic, 

barium, cadmium, chromium, copper, lead, mercury, nickel. selenium, silver, and zinc. In most 

cases, either the exceedances were slighr. or rhey were consisrenrly above rhe screening value for 

a given metal under base flow conditions. This would substantiate the metal’s ubiquitous nature 

(Otton, et al 1988). However, two samples may show metals contamination. Samples l-SW-8 

and PI-SW-1 1 had exceedances of nine and eight inorganic screening values. respectively, and 

in most cases, in concentrations far above the concentrations in other samples. Both of these 

samples were collected from seeps. However, many of these metals, such as arsenic, cadmium, 

chrommm, copper, lead, mercury, nickel, and zinc, detected in samples l-SW-8 and PI-SW- I I 

could plausibly be attributed to typical waste disposal practices. including petroleum products, 

batteries, etc. Furthermore, these two sample locations, were at groundwater seeps which 

discharge to the surface water system and were found to have organics contamination indicative 

of leachate discharge. Therefore, these inorganic contaminants probably are the result of 

groundwater contaminant migration and subsequent discharge to the surface water system. 

3.5.4.2 Organics 

Detections of organic compounds in Site I surface water were infrequent. Very few of 

the detections were above 3 up/L, and even fewer exceeded surface water screening values. The 

only VOCs to exceed screening values were chloroform (9 pg/L), in the August 1994 sample at 

1 -SW- 13, and TCE in both the February (7 ug/L) and August (8 pg/L) 1994 samples at 1 -SW- 

16, which is a seep along the southeastern creek. TCE was also detected at l-2 rig/L in l-SW-14 

and Pl-SW-11 (colocated in the southeastern creek just upgradient of the convergence), and Pl- 

SW-4. The exceedance of TCE in I-SW- 16 is particularly notable because this was taken from a 

groundwater seep. TCE was also detected at an average concentration of 7 pg/L in the 

groundwater at l-GW-6, which is several hundred feet upgradient of the seep, indicating that this 

surface water contamination probably represents groundwater discharge. The seep at Pl-SW-7, 

which is along the creek several hundred feet upgradient of 1 -SW- 16, did not have TCE; nor did 

PI-SW-8, which was colocated with I-SW- 16, but taken in 199 1. The detections in Pl-SW-11 



and l-SW-14 are also likely to represent groundwater discharge, because TCE was detected at an 

average of 6 pg!L in l-GW-7. Chloroform was detected in several other surface water samples 

at concentrations below the screening value (maximum 9.0 pg/L estimated), but it was rlut 

detected in groundwater samples. Chloroform is a common laboratory contaminant, and at these 

concentrations it is possible that its detection does not reflect site conditions. 

Other VOCs were detected below the screening values, but may be of significance, 

particularly when considered along with groundwatcr~ data. I ,2-DCE, which does not have a 

screening value, was detected from 2 to 15 ug/L in l-SW-16, l-SW-14 and PI-SW-I I. DCE, 

like TCE, was detected in the groundwater in wells I-GW-6 and I-GW-7, which wc~c nearby 

and upgradient to l-SW-16 and 1-SW-14/Pl-SW-I 1, respectively. As discussed in Section 

3.5.3.2, TCE and DCE detections in gt~oundwater reflected each other closely. It appears that the 

same holds true in the surface water samples, which indicates that contaminated groundwater 

discharges to the stnfacc water. CB was dctcctcd itI I-SW-7, I-SW-8 attcl PI-SW-4 fium 2 lu 

15 ug!L. These samples were all taken within 200 feet of each other along the northwestern 

creek, several hundred feet north of I-GW-3, and l-SW-7 and l-SW-8 were seep samples. It is 

very likely that these detections represent groundwater discharge as well. I-GW-3 had CB at an 

average of 260 ug/L. This well is not upgradient of these surface water sample locations, and no 

upgradient well actually showed CB. However, 1 -GW-3 had the largest concentrations of this 

compound, and it is likely that this material originated from the triple pits, and the CB found in 

the surface water samples may have originated from the single pit. 

Other VOCs detected include acetone (a common laboratory contaminant), bromodi- 

chloromethane, and carbon disulfide. These compounds were detected infrequently in very low 

cuncentrdtiuns in several samples. 111 aclditiorr, sarnplc PI-SW-4 had detcctiuns uf cthylbcnzcnc 

(1 to 2 ug/L), PCE, toluene, and xylenes. These could be related to petroleum-related contami- 

nation in the pits near 1 -GW-3. 

The only BNA detection of significance was for 1,4-DCB, which was detected in both 

sample rounds in l-SW-7 and l-SW-8 from 2-9 ug/L. These are not high concentratiuns (nu 

screening value exists for 1 ,CDCB); however, as discussed in Section 3.5.3.2, 1,4-DCB was 

detected in several of the wells, inc;luding I-GW-6. As with TCE and DCE, 1,4-DCB appears to 

parallel the distribution of CB. These compounds were both detected in the same wells and the 

same surface water samples, which are directly downgradient. These levels arc indicative of 

groundwater discharge to surface water. 

The only pesticides detected were DDT, DDE, DDD (all in l-SW-8). The conccntm- 

tions were all below 1 ug/L, although they exceeded the screening values, which are in the 1 O-4 
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ug/L range. In summary, it appears that the most significant surface water contamination is not 

necessarily the exceedances of screening values, but the detections of TCE, DCE, CB, and DCB, 

which are likely reflections of groundwater contaminant discharge. These surface water data 

help define the extent and hydrogeologic boundaries relative to groundwater contaminant 

migration and direction. 

3.5.5 Sediment 

Sediment samples were collected during the I99 1 and I994 investigations. In February 

and again in August 1991, eight sediment samples were collected in the same location as the 

similarly numbered surface water samples. PI-SD-3 through PI-SD-6 were collected along the 

creek on the northwestern side of the landfill. PI-SD-7 through PI-SD-9 and PI-SD- 11 were 

collected along the creek on the southeastern side of the landfill (PI-SD-10 is listed with the 

sediment data. but was taken from one of-the three prts, and IS therefore discussed wrth other pit 

soil samples). In 1994, 18 sediment locations were sampled. 1 -SD- I through 1 -SD- 10 and l- 

SD- I3 were located in the northwestern creek. 1 -SD- 11 and I -SD- 12 were collected below the 

confluence of the two creeks, and 1 -SD- 14 through 1 -SD- 18 were collected in the southeastern 

creek. Both creeks receive groundwater discharge and seeps were observed at the base of the 

landfill above the creeks. Contaminants in the sediments may partially reflect contaminant 

migration from the landfill but may also be influenced by surface water transport of other 

compounds present in the entire basin, such as pesticide applications. Results are presented in 

Table 3- 12 and the locations are presented on Figure 3-4. 

3.5.5.1 lnorganics 

Four metals were consistently detected above soil screening values (in more than three 

quarters of the samples): arsenic, barium, beryllium, and manganese. The sediments were 

screened against soil criteria due to the absence of any standardized sediment screening values. 

Arsenic and beryllium both have screening values (0.37 and 0.15 ug/g, respectively) based on 

EPA WCs due to carcinogenic effects. However, they are each below the detection values for 

these analytes. The estimated daily intake of arsenic in the United States corresponds to a 

carcinogenic risk far in excess of that used to calculate the RBC (see Section 3.6.1.1). 

Furthermore, the detections of these two analytes were extremely consistent, even in upgradient 

samples, indicating their natural presence. Barium and manganese were also detected with 

consistency, For the most part, their detections were less than twice their screening values (32 

and 1,800 ug/g, respectively). Both of these metals are found naturally. 



Two other metals were detected above screening values: nickel and chromium. Nickel 

exceeded its screening value of 21 in PI-SD-6, Pi-SD-9 and PI-SD-l 1, all near the confluence 

of the two creeks, in I-SD-l, l-SD-4 and I-SD-7, all in the northwestern creek, near I-G W-2. 

and in I-SD- I I, the sample location that is the most downgradient and also is off site. Based on 

tht: lwcatiws of these detections, it appears that they could be the result of a source, such as 

batteries within the landfill. Section 3.6 describes the transport potential of nickel. Chromium 

exceeded its screcniug value in I-SD-l and 1 -SD-3 (near well I &W-2) in l-SD-5 (further 

downgradient in the northwestern creek) and in PI-SD- I I (near the confluence). These 

detectiuus cuuld also be indicative ufa source in the landfill, the first two detections were just 

above screening values, and were fairly consistent with other detections that were below 

scrreriing values. 

3.5.5.2 Organics 

Several VOCs were detected in sediment samples. PCE and TCE were detected in I- 

SD- 16 and TCE was also detected in both 1 -SD- I4 and PI -SD- I I. All of these locations are at 

seeps on the southeastern creek; I-SD- 14 and PI -SD- I 1 were both taken approximately 200 feet 

upstream of the confluence, while 1 -SD- 16 was taken approximately 1,000 feet upstream of the 

confluence. These detections may or may not be from the landfill. TCE and PCE were both 

detected in the pits near I -GW-3 and a seep was observed at the I -SD- 16 location. However, 

based on surface topography, it is unlikely that groundwater from under the three pits would 

discharge to the southeastern creek. There was a ridge between the pits and the creek, and the 

northwestern creek is approximately half as far away. However. TCE appears to be migrating, 

based on the groundwater data, so there may have been a source other than the pits. 

A number of polynuclear aromatic hydrocarbons (PAHs) were detected in the sediment 

samples. The following were detected above screening values in at least one sample: 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenz(ah)anthracene, fluoranthene, indeno( 1,2,3-cd)pyrene, and pyrene. The PAHs were 

detected all along both creeks, as well as downgradient of the confluence. The sample by far 

most highly contaminated with PAHs was PI-SD-9, taken in the southeastern creek, 

approximately 200 feet upgradient of the confluence. Over 500,000 parts per billion (ppb) total 

PAHs were detected in the February 1991 sample. However, PAHs were not detected when this 

location was resampled in August 199 1, and samples PI -SD- 11 and 1 -SD- 14, which were taken 

very close by, showed only very low levels of PAHs. In general, there does not appear to be any 

pattern in the contaminant concentrations. This is fairly typical of the localized randomness of 
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PAH detections, and could indicate that this contamination is not directly related to the landfill. 

The sediment from the location where the samples were collected may have been transported off 

site by stream flow, which could explain why the contaminants were not detected again in 

August. These PAHs result from the incomplete combustion of petroleum products, and are 

commonly found in areas with substantial vehicle use. PAHs exceeded screening values in l- 

SD-2 and I -SD- 18 1 -SD- 18 is upgradient of the rubble landfill. They were also detected, 

although below screening values, in PI-SD-3, which is located in another stream behind the 

barracks (since removed) north of the parade ground and is clearly upgradient of both the 

sanitary landfill and the rubble landfill. These creeks receive discharge from roads along much 

of the base. PAHs were detected in many of the pit soil samples, which can be reliably attributed 

to the wastes (petroleum products) that were allegedly disposed of in the pits. However, PAHs 

were not detected in groundwater at the landfill. In summary, the PAHs detected in the sediment 

samples at the landfill can not be definitively attributed to the disposal practices at the landfill. It 

appears more likely that they are a result of basewide vehicular use and other combustion 

xJu1c;cs. 

Peslicjdes also were detected in the Site I streambed sediments. DDT, and its two 

degradation derivalivcb DDD and DDE, were the most widespread detections, found in more 

than three quarters of the samples, although none exceeded the soil screening values. DDT, 

DDD, and DDE were all detected in both background samples, PI-SD-3 and I-SD-I 8; in fact, l- 

SD-I 8 had the highest detections. Therefore, it would appear that these contaminants are the 

result of NTC facility-wide pesticide application. rather than disposal practices at the landfill. 

However, these pesticides were detected at much higher concentrations (exceeding screening 

values) in the pit soil samples, and pesricide disposal was repolted at the J~~~dfill. Nevcrthclcss, 

the widespread, consistent nature of the detections of DDT, DDE, and DDD, appear to be 

indicative more of facility-wide applicarion than of contaminant migration, parliculal~ly because 

these compounds are relatively immobile (see Section 3.6). Other pesticides were detected 

infrequently, including aldrin, chlordane (above soil screening value in Pl-SD-7), heptachlor, 

and heptachlor epoxide. 

In summary, the only consistent detections in sediment samples al LIIE; uld landfill wel~e 

for PAHs and the pesticide DDT and its degradation compounds. However, based on the nature 

ofthese contammants and of the detections, it appears more likely that these cunlarrli~lants ~eflcct 

installation-wide conditions rather than site-specific disposal practices. Several VOCs were also 

detected, which would be more likely the result of contaminanr migration from the landiill, but 

these detections were sporadic. 



3.6 Contaminant Fate and Transport 

This section discusses the fate and transport of the contaminants of concern at Site 1. 

The general factors governing the fate and transport of chemicals in the environment are 

dependent on both the physical/chemical properties of each chemical and the physical/chemical 

characteristics of each transport medium. In theory, a model could be constructed (using these 

physical/chemical parameters) to describe a chemical’s movement throughout the environment. 

However, a large number of imperfectly understood parameters affect fate and transport so that 

such a model would be difficult to build. The transport media, in particular. represent highly 

complex systems. even when considered one at a time. Because chemicals can repartition 

between media (which can dramatically alter transport potential), interactions between media 

must be examined; thereby complicating the picture even further. It should be noted however, 

that screening values cannot be used to determine whether or not a contaminant is migrating in 

the environment. The approach used here is as follows: 

First, the phase(s) in which a chemical is likely to be found can be determined. This is 

dependent primarily on the properties of the chemical itself. Second, transport within and 

partitioning between media can be evaluated for each contaminant. This is dependent primarily 

on the characteristics of the environment. Finally, contaminants may undergo chemical or 

biological transformation, which can have dramatic impact on their fate and transport. 

There are three phases in which a contaminant can exist in the environment. It can be 

found in the atmosphere or soil as a vapor. It may be dissolved in the aqueous phase, either in 

groundwater or in surface water bodies. It can sorb onto solid particles, such as unsaturated soil, 

aquifer solids, or airborne particulates. An examination of the physical and chemical properties 

of each contaminant can help in predicting in which phase(s) it is likely to be found. 

Contaminant transport can then be deduced from an understanding of the site characteristics. 

A variety of processes can redistribute the contaminants between the phases discussed 

above. This redistribution may affect the possibility of transport. From the surface soils and 

waters, volatile compounds tend to partition to the atmosphere, essentially removing them from 

other on-site media of concern (although they may be returned to the surface, but probably not 

very near the source). Strongly sorbing compounds would bind to surficial particles, but could 

still be mobilized as suspended particulate matter in surface ffow after large rainfall events’: 

Even ifreleased directly into the saturated zone, strongly sorbing compounds will tend to bind to 

the aquifer matrix rather than migrate with groundwater. Contaminants that are sorbed to solid 

particles within the soil matrix may be slowly dissolved and enter an aqueous phase. This 

mechanism will depend on the compound’s solubility, as well as the site characteristics. 
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Dissolved contaminants may tx found eittm iI1 ~rfxc waler bodies ur groundwater. Infiltrartng 

rainwater may carry contaminants to the saturated zone, where they will migrate with 

groundwatcr. This flow may reach a surf&x dixhargc, where culltarninants wilt migrate to 

surface water or wetlands. Soluble components may also be picked up directly by surface flow. 

In general groundwater flow at Site I, is characterized by fracture flow. At a regional 

scale, the fractures are interpreted to create anisotropic hydraulic conductivity with flow 

preferentially aligned northeast-sourhwesr, i.e., parallel to the valley in which Srare Roure 276 is 

situated. The overburden consists of saprolite that is characterized as a porous medium with a 

large porosity and storage capacity. The saprolire also contains relict fractures rhar acr as a 

fractured medium. The bedrock fracture system acts more as a low porosity regime allowing 

rapid movement of both water and contaminants within the fractures. Based on rising head slug 

tests, the geometric mean of the hydraulic conductivity at Site I is 4.79 x 10-j cm/s. Based on 

the highest and lowest elevations observed in wells, the average groundwater hydraulic gradient 

in the landfill area is 7.5 percent. However, because both the saprolite and bedrock zones show 

fracture flow, the directions of groundwater flow cannot always be assumed to be at right angles 

to the groundwater elevation contours (see Section 3.4.6). Therefore, estimates of groundwater 

flow direction are made assuming flows normal to the contours in most cases. This is a 

conservative assumption for rates of flow; i.e., if flow direction is not actually at right angles to 

contours, then groundwater (and therefore contaminant flow) will be slower than estimated. 

Based on a hydraulic conductivity of 4.79 x lo-’ cm/s, a regional gradient of 7.5 percent, and a 

porosity of 0.05 (in fractures,) the average estimated groundwater flow rate at Site 1 would be 

7.2 x IO-’ cm/s, or 2.270 meter/year. This is almost certainly a high estimate of groundwater 

flow, because the groundwater is flowing not only in the tractures but also in the more porous 

weathered matrix of the saprolite and the gradient calculated is a regional estimate. 

The primary streams of importance at Site 1 are the two unnamed streams that bound the 

landfill along the northwestern and southeastern sides of the landfill. Both creeks have been 

observed to be gaining streams. They flow during dry weather and groundwater seeps have been 

noted in both. Therefore, the groundwater flowing under the landfill discharges to the creeks. 

Contaminants can undergo a variety of transformations, both physical and chemical. 

For example, many organics are subject to photooxidation in the atmosphere; for some, this’can 

result in a substantial reduction in contaminant concentration. Biodegradation m solIs and 

groundwater is another well-documented removal mechanism for organics. However, it is also 

possible that organics are transformed into less or more toxic compounds. The anaerobic 

dechlorination of TCE and DCE to vinyl chloride is an example of transformation into a more 
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toxic compound. Although inorganic contaminants can not actually be removed by biological or 

chemical reactions, a number of important transformations can have a considerable affect on 

transport. For example, the biological methylation of several metals. such as arsenic and 

mercury can increase these metals’ solubility by several orders of magnitude. Because organic 

and inorganic contaminants have substantially different behavior (physically, chemically, and 

biologically), they are discussed in the separate subsections below. 

3.6.1 Organics 

For organic constituents, important contaminant properties include: aqueous solubility 

(Ci,aq), vapor pressure, Henry’s Law constant (H), and the octanol-water partitioning coefficient 

(K,,). In general, the more soluble compounds have relatively large vapor pressures. In 

groundwater, they are likely to be mobilized in the aqueous phase. perhaps slowly volatilizing 

into voids in the soil matrix. In the surface water, however, they are likely to partition from the 

aqueous phase into the vapor phase and will be released to the atmosphere. Compounds with a 

large K,, are usually not very soluble ur volatile. They 111ay exist pri~narily itI tllcir UWII phase, 

and can sorb onto. organic rich soils and sediments. They will then be immobilized unless the 

solids themselves are transported as suspended sulids (iI1 WI l-&t: I unoff) UI ai1 bog Ire palticulates 

(in the atmosphere). 

Chemical properties can be used to predict the fate and transport of organic contami- 

nants. An empirical relationship developed by Karickhoff et al. (I 979) relates the ratio of the 

concentration of a solute sorbed onto aquifer particles to the concentration of solute in solution 

and is expressed as Kd, the distribution coefficient. 

where: 

Kd = distribution coefficient 

Ci,solid = equilibrium sorption, mg of solute sorbed per kg of solid 

Ci,aq = solubility of solute, mg/l 

0.63 x 1 Oe6 m3/g = empirically determined constant 

K OW = octanol-water partitioning coefficient 

f = 
oc mass fraction of organic carbon in solid. 
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Although this equation is generally applicable to organic chemicals, more precise relationships 

have been developed for individual compounds or classes of chemicals under special conditions. 

The wide range for the distribution coefficient make it difficult to judge what would be 

considered strongly or weakly sorbing. It can be more useful to consider a unit volume in the 

aquifer and calculate the ratio of contaminant mass sorbed onto solids to contaminant mass 

dissolved in groundwater in the unit volume. This is calculated in the following equation by 

multiplying the distribution coefficient by Pb (the bulk density of aquifer solids (Pb)) and (I-n)/n 

(the ratio of the volume of aquifer solids to the volume of groundwater in the unit volume). 

The mass distribution of solute Mi, represents the tendency of the compound, i, to exist in either 

sorbed or dissolved form. When Mi = I. then at equilibrium there will be equal amounts of 

solute sorbed and dissolved. Each time uncontaminated water fills a theoretical unit volume, 

half of the solute would desorb and enter solution. Because water is continuously moving 

through most aquifers, this reflects non-sorbing contaminant conditions. When M = 100, 1% of 

the solute is dissolved at equilibrium Thus, a~ fresh water is introduced to fill the unit volume, 

only 1% of the solute would desorb. Still. the contaminant would not persist in the solids over 

the very long term, and this contaminant would he considered mnderately qnrhing 

Contaminants with Mi > 1 O4 are considered strongly sorbing and would be expected to persist, 

relatively immobilized, sorbed to aquifer solids. Such compounds would also sorh strnngly tn 

sediments and surficial soils given sufficient organic carbon content; however, they could be 

mobilized in these media either as suspended solids or airborne particulates. 

Another useful representation of sorption tendency is derived from a model where a 

contaminant flows through porous media. When sorption is accounted for in the model, the 

retardation factor, R, relates the groundwater velocity to the contaminant velocity (Tchobano- 

glous 1987); 

where: vgw = average veluc;ity of go oundwatcr, and vcOn - average velocity of contaminant 

front. The reciprocal of this term (l/R), therefore, represents the ratio of contaminant velocity to 

groundwater velocity (Freeze and Cherry 1979). That is, it is an estimate of how much the 

contaminant is slowed because of sorption effects. When a strongly sorbing compound @ > 104) 
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flows through an uncontaminated area, almost all of the dissolved portion would be expected to 

sorb out and the contaminant itself becomes essentially immobile. For a completely non-sorbing 

compound (Kd = 0, R = I), the contaminant moves with the same velocity as the groundwater. 

Contaminants with a retardation factor from IO to IO0 can be considered moderately to consider- 

ably sorbing. Those with R = 100 to 1.000 clearly will move much more slowly than ground- 

water. However, over the very long term, if groundwater movement is fast, then even these 

contaminants will exhibit some mobility. 

The Henry’s Law constant represents the tendency of a compound to volatilize from 

water. The dimensionless form nf this cnnntant is the ratio of the molar concentrations of the 

solute in vapor phase to the solution phase and is calculated as: 

where: 

pi 
sat = vapor pressure of solute i, atm 

ci = aqueous solubility of solute i, molA 

R - 0.082 1 (atm-l)/(molc-K) 

T = temperature, K. 

For example, consider the case of a closed vessel with equal quantities of water and air. If, for a 

given cwmpvund, the dimensionless IIenry’s Law constant equaled one, then equal quantities of 

the compound would be dissolved and vaporized. Of course, in nature, if a compound occurs in 

surface water, for example, virtually an infinite quantity of air exists in which to vaporize. For 

this compound, it could be assumed that all of it reached the vapor phase. Such contaminants 

would be considered highly volatile. Contaminants with H = 1 O-’ are moderately volatile, and 

those with H < 1 OS5 are insignificantly volatile. 

The Henry’s Law constant is essentially the ratio of the compound’s vapu~ plessure to its 

aqueous solubility. Therefore, if both its vapor pressure and solubility are low, compounds can 

still have significant Henry’s Law constants. Such compounds may not vaporize significantly 

from soils, but if released into the aqueous phase, they may vaporize considerably. Several, 

pesticides exhibit this quahty and are discussed below. 

Literature values for the molecular weight, aqueous solubility, vapor pressure, and 

Henry’s Law constant, and octanol/water partitioning coefficient of the organic contaminants of 

concern are presented in Tables 3-13,3- 14, and 3- 15. Table 3- 13 provides physicakhemical 
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properties of VOCs, whereas Table 3-14 provides properties for Semi-volatiles organic 

compounds (SVOCs), and Table 3- 15 for pesticides. Henry’s Law constants were calculated 

using a temperature of 20°C (293” K). Mass distribution and retardation factors were calculated 

using Pb = 2.5 x I O6 (Tchobanoglous 1987), v = 0.05 (a low porosity is assumed bn the basis of 

fracture flow) and f,, = 0.001 (low organic content in bedrock aquifer system). They are also 

listed ins 3-13.3-14, and 3-15. 

Finally, organic compounds are subject to biological and chemical transformations. 

These transformations degrade the original compound into different organic compounds as a 

result of a single- or multiple-stage reaction. Thus, transfnrmation of one cnmpnund may 

generate organic compounds that were not part of the original contaminant matrix at the site. 

The type and rate of the reaction(s) is controlled in part by the temperature, pH, redox potential 

(Eh), presence of catalytic compounds or surfaces, oxygen concentration, and microbial activity. 

Potential chemical and biological transformations can be predicted from an analysis of these 

environmental characteristics. 

The following sections discuss the fate and transport of the particular organic 

compounds found at Site 1. 

3.6.1 .I Volatile Organic Compounds (VOCs) 
Eight VW-3 were Identified as contaminants of concern in the various media at Site 1: 

ethylbenzene, toluene. xylene. vinyl chloride, 1,2-DCE, TCE. PCE. and CB. Based on 

contaminant structure and propertles, these compounds are discussed in groups. I,4-DCB is 

generally considered a SVOC. However, because of its similarity to CB, both in its properties 

and its detections at Site 1, it is included in this section. 

BTEX Compounds 

Toluene, ethylbenzene, and xylenes comprise three of the four BTEX compounds (the 

fourth, benzene, was not detected at Site 1). Structurally, these compounds are very similar; they 

all consist of a benzene ring (a six carbon, six hydrogen ring in resonance). Toluene replaces 

one of the hydrogens with a methyl group; ethylbenzene with an ethyl group, and xylenes replace 

two of the hydrogens with methyl groups. Xylenes represent a group of three compounds, ortho- 

, meta- and para-xylene, depending on whether the methyl groups are in the 1,2; 1,3; or 1,4 

positions, respectively. 

Because these compounds have similar structures, they also have very similar 

properties. The most dominant physical characteristics are their large vapor pressures (7 to 22 
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mm Hg) and Henry’s Law constants (0.277 to 0.491). These compounds readily volatilize into 

the atmosphere, both from surface water and surface soil systems. They have moderate solubili- 

ties, and their detection in rainwater indicates that wet deposition may be the dominant removal 

mechanism; however, they revolatilize rapidly. They may not be transported over long distances 

because of their rapid transformation rate in the atmosphere (see below). These compounds have 

a moderate tendency to sorb, with log Kow ranging from 2.79 to 3.16. Therefore, they can be 

expected to be moderately sorbing in soils with significant organic content. However, in soils 

with a low organic content, they may be mobilized and can move quite freely. 

These compounds may undergo transformation reactions in any media. In the 

atmosphere, the primary transformation mechanism is oxidation via hydroxy radicals. From soil 

and water, biotransformation is the most important transformation process. Aerobic biotr- 

ansformation of BTEX has been observed in both soils and water and is fastest at high concentra- 

tions. Products are typically cleaved metabolites like diols and catechols. Xylenes transform 

more slowly under aerobic conditions, but transform readily under anaerobic, denitrifying 

conditions. Rapid transformation has been noted in landfill leachate, which tends to be 

anaerobic. The BTEX compounds were detected above screening values in the pit soil samples, 

and below screening values in the pit water <ampIes It appears likely that BTEX compounds 

detected in the pits are associated with disposal practices (probably of waste petroleum 

hydrocarbons, which were also found in the pits). Sporadic detections of theqe compounds 

elsewhere, such as in P 1 -SW-4 (along the northwestern creek) could represent contaminant 

migration (via groundwater discharge) because these compounds are mobile in grnrmdwater 

However, because the BTEX compounds are volatile and degradable, they should not persist 

either in surface water or groundwater over the long term. It is not surprising that these 

compounds were not detected at all in any downgradient wells. 

Chlorinated Ethylenes 

Four chlorinated ethylenes were detected above screening values at Site 1: vinyl 

chloride, I ,2-DCE, TCE, and PCE. These compounds all consist of an ethylene group (two 

carbons attached by a double covalent bond). Each of the carbon atoms has two available spaces 

for other atoms to bond. These four compounds have one, two, three, and four chlorine atoins, 

respectively, attached to these carbons. The remainder ofthe bondmg sites are occupied by 

hydrogen atoms. I ,2-DCE occurs as two stereoisomers, cis- I ,2-DCE and trans- I ,2-DCE, 

depending on how the two chlorines (one on each of the carbons) are oriented with respect to 

each other. These compounds behave similarly in the environment, and are therefore discussed 



as a group. The following discussion on VOCs was compiled frnm these nnlrrces: vinyl chloride 

(Agency for Toxic Substances and Disease Registry [ATSDR] 1993a); DCE (ATSDR 1990a); 

TCE (ATSDR 1993 b); PCE (ATSDR 199 I ). 

The most dominant physical characteristics are their large vapor pressures and Henry’s 

Law constants. These VOCs readily volatilize into the atmosphere, both from surface water and 

surface soil systems. Their detection in rainwater indicates that wet deposition may be the 

dominant removal mechanism: however, they revolatilize rapidly. Vinyl chloride, DCE, and 

TCE may not be transported over long distances because of their rapid transformation rate in the 

atmosphere; PCE is more likely to he transported over long distances (see below). Although 

these compounds volatilize rapidly from surficial media, they can easily reach the saturated 

zone. This is especially likely when they are present in high concentrations. They have large 

solubilities and little tendency to sorb and will leach through the subsurface soils and enter the 

groundwater. Once in the groundwater, they will generally flow along with the groundwater. 

However, whereas migration of these compounds may be impacted by the sorption process, they 

will still move and volatilization may occur into the unsaturated soils. 

The tendencies of these compounds to volatilize and remain mostly non-sorbed vary. 

Specifically, the tendency to volatilize decreases and the tendency to sorb increases as the size of 

the compound increases. This is a common phenomenon. Thus, vinyl chloride, which has only 

one chlorine and a molecular weight of 62.5, has a vapor pressure of 2.53 x I O3 and log Kow of 

1.36. It will volatilize quickly from both soil and aqueous phases, but move freely in 

groundwater if there is no soil vapor in which to volatilize. PCE, on the other hand, with four 

chlorines and a molecular weight of 166, has a vapor pressure of IS.47 and a log Kow of 3.4. 

This vapor pressure places PCE well within the volatile “range”, but, because of the larger I&,, 

it also sorbs considerably to soils. Vaporization from soils is observed to be much slower and 

less complete than from the aqueous phase. Furthermore, soils with significant organic content 

will slow its migration considerably. Nevertheless, PCE must be considered mobile in 

groundwater, particularly in a fracture flow regime such as the one at Bainbridge, where the 

aquifer matrix is not characterized by a high organic content. DCE and TCE lie in the middle of 

this spectrum. 

The chlorinated ethylenes may be transformed in any phase. In the atmosphere, the 

primary mechanism is oxidation via hydroxy radicals. This oxidation is rapid for vinyl chloride, 

DCE, and TCE, which show half-lives ranging from hours to a few days. For PCE, however, the 

transformation is slower, taking weeks or months, thereby making it more susceptible to long- 

range deposition. Direct photolysis is generally not an important mechanism. From soil and 



water, biodegradation is the most important transformation process. TCE and DCE can degrade 

aerobically, but anaerobic degradation has been observed to be more rapid. particularly for TCE. 

The process is known as reductive dechlorination. TCE is transformed to DCE, which degrades 

to vinyl chloride. PCE is generally observed to biodegrade only via reductive dechlorination, 

with TCE, DCE, and vinyl chloride being the principal degradation products. Vinyl chloride will 

only degrade aerobically, to hydrochloric acid, carbon dioxide, and water. Because these 

compounds are volatile and degradable, they may not be expected to persist over the long term. 

However, if large quantities of chlorinated ethylenes enter the groundwater, they may be 

transported over long distances before vaporizing or degrading. In particular. degradation in 

groundwater is dependent on such factors as oxygen and nutrient content, temperature, and redox 

potential. Furthermore, because the four compounds degrade under different conditions, some 

may be consumed, whereas others persist. 

TCE and DCE were detected in the wells downgradient of the landfill, with the highest 

concentrations being in l-GW-9, the well immediately downgradient of the landfill, only 200 

feet from the three disposal pits. This well and 1 -GW-3 also had the only detec ion 

concentrations of vinyl chloride. In addition, TCE and DCE were detected in the same surface 

water/sediment samples, and DCE, TCE, and PCE were all fnund above screening valr~es in pit 

soil/water samples. It appears that the pits were the site of disposal of waste petroleum related 

products, and that the chlorinated ethylenes were included in this disposal. Only DCE and TCE 

appear to have migrated downgradient, as evidenced by detections in groundwater and surface 

water/sediment. PCE. which sorbs more strongly than DCE or TCE, may have been retarded and 

not reached groundwater. As a result, PCE may have been subjected to reductive dechlorination, 

and contributed to TCE/DCE contamination. Vinyl chloride also was not found to have migrated 

downgradient. Unlike TCE, vinyl chloride is not normally a component of degreasers. 

Therefore, its presence would be due primarily to the degradation of TCE and DCE, via 

reductive dechlorination. Downgradient of the landfill, the groundwater is aerobic. In this 

er~viroruncnl, dcchlur illation uf TCE and DCE occurs slower than the transformation of vinyl 

chloride to carbon dioxide and hydrochloric acid. Therefore, any TCE and DCE that had 

degraded to vinyl chloride would be consumed quickly, and vinyl chloride would not be detected 

in downgradient samples. However, in l-GW-9, where TCE and DCE concentrations are 5 

highest, TCE and DCE show faster degradation to vinyl chloride and vinyl chloride was dctcctcd 

in this well. 

Based on the data from the well clusters, it appears that these compounds have migrated 

vertically as well. The deep wells, for the most part, show contaminant concentrations similar to 
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shallow wells. The exception is cluster I-GW-S/9, in which the shallow well has a higher level 

of contaminant concentration. It appears that the source of these compounds may be fairly close 

to this area. If this were the case. then these (highly mobile) compounds would he carried 

downgradient of this cluster before having the opportunity to mix vertically. This is parhxlar]y 

true in this region, where there seems to be an upward hydraulic gradient The downgradient 

clusters do show the effects of vertical mixing, which is consistent with other observations. 

It is apparent from the data that TCE and DCE represent significant contamination. 

These compounds were consistently observed, even in the far downgradient wells (I -GW- 1 1, I2 

and 13). It appears that these compounds are present in the landfill and leaching to groundwater 

in high enough concentrations that volatilization and biodegradation are not removing them 

completely from groundwater. DCE concentrations are 2 to 4 times higher than TCE 

concentrations. indicating that TCE may be degrading to DCE, but that DCE is degrading more 

slowly. It is apparent. however, that both are migrating downgradient. The detections in the 

stream samples on both sides of the landfill also fit into this scenario, as the groundwater 

contaminants are discharging to the surface water. Based on these compound’s retardation 

factors (between about 5 and lo), and the estimated groundwater velocity (2.260 meters per 

year), these compounds could be expected to migrate between 200 to 400 meters per year, or 

about 650 to 1,300 feet per year. Assuming they have been migrating for a minimum period of 

30 years, then they would have been expected to hnvc rcnchcd far off site. This would bc 

consistent with their detection in the far downgradient wells, but would also suggest that the 

plume has lung since leached the Susquclranna River fluudplai~~ depu~ih. 

Chlorobenzenes 

CB and 1,4-DCB were detected above screening values in groundwater at site I, and 

below screening values in surface water samples. These compounds are composed of a benzene 

ring, with either one (for CB) and two (for 1 ,bDCB) chlorines attached. In I ,4-DCB, the 

chlorines are positioned opposite each other. Although I ,4-DCB is ordinarily considered a 

SVOC, it is discussed below. 

These compounds behave similarly to other VOCs. The most dominant physical 

characteristics are their large vapor pressures and Henry’s Law constants, even in the case ok 1,4- 

DCB. The CBS readily volatilize into the atmosphere, both from surface water and surface soil 

systems. Whereas CB reacts in the atmosphere fairly quickly, 1,4-DCB is more persistent, and 

may therefore be transported over long distances (see below). These compounds have a larger 

tendency to sorb than most VOCs. Both have a log K,, near 3. Both can be expected to sorb 
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considerably to soils with a high organic content. However, the sorption is reversible, and these 

contaminants may therefore leach into the groundwater, thereby becoming a long-term source. 

Based on their moderate soiubiiities, and the low organic content of the bedrock. the CBS must 

be Fonsidered mobile. 

In the atmosphere. the primary degradation mechanism is oxidation via hydroxy 

radicals. Direct photoiysis is generally not an important mechanism, except for CB, which 

degrades much more rapidly in the atmosphere than 1,4-DCB. and would therefore be less likely 

to travel long distances. In oil and water, aerobic biodegradation is the most important 

transformation process. CB biodegrades rapidly, to hydrnchlnric acid 2nd henzene (which, in 

turn, cleaves to diois and catechois, and then to inorganic end products). I ,4-DCB also may be 

mineralized completely. Neither is observed to degrade under anaerobic conditions. Because 

these compounds are volatile and degradable, they should not persist over the long term. 

Hnwevcr, if large quantities of these VOCs enter the groundwater, they may he transported over 

long distances before vaporizing or degrading. In particular, degradation in groundwater is 

dependent on such factors as oxygen and nutrient content. temperature, and redox potential. 

Detections of the two CBS in downgradient groundwater wells are very similar, and 

appear to represent the same plume. CB was detected in pit soil samples, and therefore, it 

appears that the CBS, like the chlorinated ethylenes, may have been associated with waste 

disposal practices in the pits. CB and 1,4-DCB, like the ethylenes, appear to hove leached into 

the groundwater, forming a plume. Low level detections in surface water samples indicate that 

contaminotcd groundwatcr is discharging to the streams. The farthest downgradient well to show 

detections was I-GW-5, approximately 400 feet downgradient of the landfill. These compounds 

have not migrated nearly as far as the chlorinated ethylenes. This is consistent with the 

properties discussed above. two of which are likely to be responsible for this observation. First, 

these compounds degrade quickly under aerobic conditions. However, no CBS were detected 

further downgradient, where aerobic conditions would promote degradation. Second, the CBS 

sorb approximarely ren times more strongly rhan the ethylenes. Based on a retardation factor 

between 25 and 100 and a groundwater velocity of 2,260 meters per year, these compounds 

would be expected to migrate about 25 to 100 meters per year, or about 80 to 320 feet per year. 

In 30 years, they could be expected to migrate about 2,400 to 9,600 feet. Under this scenario, 

they would have reached surface water, but this approach can only be considered approximate, 

particularly when applying to fracture flow. Most likely, both sorption and biodegradation 

contribute to the observed distribution of CBS. 
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Virtually identical detections in wells l-GW-8 and I-GW-9 indicate that vertical mixing 

of the CBS is fairly substantial. This is somewhat surprising given the upward vertical gradient 

observed in these wells. but may be due to the widely fluctuating water level. In summary, it 

appears that the CBS are migrating downgradient, but because of these compounds tendency to 

sorb and biodegrade, they do not appear to have migrated off site. 

3.6.1.2 Semi-volatiles Organic Compounds 

PAHs, a subset of the SVOCs, are discussed below. 1,4-DCB, which was also detected 

at the old Inndfill, ~3s discussed with CB. in Section 3.6. I. 1. 

PAH Compounds 

Nine PAH compounds were detected above screening values in sediment samples at the 

landfill (see j-4). Of these, benzo(a)pyrene was found to exceed screenmg values In a prt so11 

sample, and chrysene exceed screening values in a pit water sample. PAH compounds can be 

found in virtually all parts of the environment: atmosphere, surface water, sediments, 

groundwater, surfrcial and subsurficial soils, as well as in organisms. They are sometimes 

separated into three categories: heavy, medium, and light weight PAHS. The heavy PAHs (228 

to 278 g/mol) include the following compounds found at the NTC: benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, 

dibenz(a,h)anthracene. and indeno( 1,2,3-c,d)pyrene. Medium weight PAHs (202 g/mol) are 

fluoranthene and pyrene. Light PAH compounds (152 to 178 g/mol) include acenaphthene, 

acenaphthylene, anthracene, fluorene, and phenanthrene. As shown in Table 3- 12, only the 

heavy and medium weight PAHs were detected in significant concentrations at Site 1. It is 

typical to find PAH compounds together because all are products of incomplete combustion of 

hydrocarbons. All three PAH groups are discussed below. 

The physical/chemical constants of the PAH compounds appear in Table 3- 14. Based 

on their properties, the following generalizations can be made regarding these compounds: their 

aqueous solubilities, vapor pressures, and Henry’s Law constants decrease with increasing 

molecular weight. Solubilities are low for all of the compounds, and the heavier ones are 

virtually insoluble in water. Vapor pressure and Henry’s Law constant indicate that the low 

weight PAHs are moderately volatile, the midweight compounds are less so, and the heavy PAHs 

may be insignificantly volatile. Sorption tendency increases with increasing size. The light 

PAHs are moderately sorbing, the midweight compounds are more so, and the heavy PAHs are 

strongly sorbing @ approximately 1 x 106). 
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Taken together, it appears that the heavy PAHs partition neither to the aqueous phase 

nor the vapor phase. Indeed, their retardation coefficients show a strong tendency to sorb. In 

general, therefore, these compounds can be expected to attach to solids that have any organic 

content. In the atmosphere, they are likely to be sorbed to airborne particulates, and will be 

deposited by wind or gravity. In aqueous environments, these compounds tend to sorb to 

particles, such as sediments, suspended particulates, or aquifer solids. Even in the bedrock 

aquifer at Site 1, these compounds will probably not be mobile in groundwater. Similarly, in 

sutficial soils they are likely to be sorbed onto particles. They may be removed very slowly by 

infiltrating rainwater and volatilization. However. once attached to solids in any media, they are 

largely immobile unless the solids themselves are transported in either water or air. 

Compared to the heavy PAHs, the midweight compounds have a greater tendency to 

volatilize and dissolve, and a lesser tendency to sorb, each by about an order of magnitude. For 

the light PAHs. the trend is the same, with about a two nrder-of-magnitude difference. There- 

fore, they will not sorb quite as strongly. The light PAHs in particular may dissolve and 

volatilize substantially. Therefore, whereas they may be somewhat mobile in the aqueous phase, 

they will probably not persist there over the long term. 

In biotic systems, PAH compounds are found to accumulare, particularly in aquatic 

organisms. It appears that biotransformation is a more significant removal process for the lighter 

compounds than for the heavier ones. There are two likely explanations. First, smaller sized 

molecules are generally more easily metabolized than larger related compounds. Secondly, 

sorption limits hioavailability, and the heavier compounds are more strongly sorbing. Another 

limiting factor on biodegradation is the availability of oxygen. Thus, if PAH compounds reach 

the deeper soils of the saturated zone, where oxygen is less available, they may he quite 

persistent. In soils and sedimentary environments, biodegradation is the major destructive 

process, but is influenced by a host of environmental factors, particularly the availability of 

oxygen. 

Cousidcl iug these fate, transport, and transformation properties, it is not surprising that 

the heavier PAH compounds are more prevalent, and are found in higher concentrations. PAH 

compounds tend to be found together because of their common origin. However, the lighter 

compounds tend to be removed more easily, both abiotically (through vaporization) and r 

biotically (through biotransfurmatiun). Tht: largeI c;umpuunds, VII thr: other hand, sorb more 

strongly to solid particles, where they are less readily removed by either mechanism. 

At th’e landfill, the PAHs were primarily found in streambed sediment. They were 

detected at lower concentrations in the pits. As discussed in Section 3.5, it is possible that there 
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is a connection between the detections in the pits and the streams, but it is more likely that 

sediment detections represent ambient levels of PAHs. These compounds result from the 

incomplete combustion of hydrocarbons, common in areas with vehicular use. The creeks 

adjacent to the landfill both receive runoff from the base, and the northwestern creek also 

receives runoff from Route 276. Because the heavier PAHs (which were detected) are 

recalcitrant to transformation and are strongly sorbing, they would be expected to remain sorbed 

to sediments, which are normally of fairly high organic content. 

3.6.1.3 Pesticides 

Five pesticides were detected in various media at Site I : Aldrin, DDT, DDD, DDE. and 

Heptachlor. These compounds are discussed below. 

Aldrin 

Aldrin is a four ringed. hexachlorinated pesticide. The following discussion uses 

information from the ATSDR Toxicological Profile Series (ATSDR 1993i). Aldrin is not 

particularly soluble. and is moderately sorbing; it is not observed to leach appreciably through 

soil. Therefore, it should be largely immobilized by soils or sediments, unless the particles 

themselves are mobilized in surface water. However. it has a moderate Henry’s Law constant, 

indicating that it will vaporize, particularly from the aqueous phase. It is observed that 

volatilization is highest in moist soils, but slows considerably in flooded soil. Therefore, it is not 

expected to persist for long periods in surface soils, but will be lost to the atmosphere. 

Aldrin is rapidly degraded in air, water, and soil and dieldrin (its epoxide) is the primary 

degradation product. Dieldrin, on the other hand, is more resistant to biodegradation or 

photodegradation. For these reasons, aldrin tends to be lost from soil through volatilization and 

degradation processes. whereas dieldrin will remain in the soils for longer periods of time. 

However, dieldrin was not detected in any medium. Neither is expected to be mobile in the 

aqueous phase. Both compounds are observed to accumulate in a variety of organisms. 

Aldrin was detected above screening values in one pit soil sample. It was detected at a 

much lower concentration in one sediment sample. This represents very localized sporadic 

contamination. probably the result of very limited usage and disposal. Based on the fate and 

transport properties. there is very little potential for migration. The aldrin will either volatilize, 

or remain sorbed to particulate matter. 
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4,4’-DDT, 4,4’-DDE, and 4,4’-DDD 

4,4'-DDT is a trichloroethane with two chlorophenolic groups attached to the first 

carbon. 4,4’-DDE is the oxidized metabolite of4,4’-DDT with one less chlorine and a double 

bond between the two carbons, whereas 4.4’-DDD is the reduced form. with a hydrogen 

replacing a chlorine. The following discussion of 4,4’-DDT, 4,4’-DDE, and 4,4’-DDD properties 

uses information from the ATSDR Toxicological Profile Series (ATSDR 1990~). All three 

compounds have been extensively studied, which ultimately led to the 1973 banning oftheir 

application in terrestrial systems in the USA. They have very low solubilities and strong 

tendencies to sorb. as is evident by retardation factors in the IO’ to IO6 range. They are not 

expected to leach to groundwater or be mobilized in the aqueous phase. Because they sorb 

strongly to soils, they can be mobilized along with suspended particulates in surface water flow. 

Otherwise, they may remain in the same location for long periods of time. 4,4’-DDT and 4,4’- 

DDE have been observed to volatilize from both surface soils and surface waters. Their vapor 

pressures and Henry’s Law constants are not very high, so the process is slow; however, 

vaporization is a potential removal mechanism from soils. 4,4’-DDD is less volatile, as 

evidenced by its vapor pressure, approximately six times lower than for 4,4’-DDE and 4,4’-DDT. 

Once in the atmosphere, 4,4’-DDE and 4,4’-DDT can attach to small particulates, but wet 

deposition appears to be the dominant removal process. Therefore, they may travel long 

distances in the atmosphere. 

4,4’-DDT, 4,4’-DDE, and 4,4’-DDD are bioaccumulated in terrestrial and aquatic 

organisms. 4,4’-DDT is susceptible to photo oxidation in air. Little degradation is observed in 

the aqueous phase because 4,4’-DDT tends to sorb onto sediments and particulates. In soils, 4,4’- 

DDT is biodegradable. In aerobic environments, 4,4’-DDT is slowly oxidized to 4,4’-DDE. 

Under anaerobic conditions, 4,4’-DDT is reduced to 4,4’-DDD by a faster chemical mechanism. 

However, both degradation compounds are stable, and are persistent in the soils. 

These compounds were found to exceed screening values in surface water, pit soil, and 

pit water samples. They were also detected, but below screening values, in the sediment 

samples. Based on the fairly high detections in the pit soil samples, it appears that pesticides 

may have been disposed of in these pits. The concentrations (up to 110,000 @kg) would not be 

typical of the normal application of pesticides; in addition, historical information indicates that 

these pits were probably used for pesticide disposal. The surtace water/sediment detections, on 

the other hand, are at much lower levels, and appear fairly consistently throughout the two 

creeks. This is fairly typical of site-wide pesticide application. These compounds were not 

detected in groundwater. This scenario is consistent with transport properties of DDT and its 
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degradation compounds: they are not mobilized in groundwater. In summary, the detections of 

these pesticides in the creeks are almost certainly related to site-wide pesticide application (and 

not,to landfill disposal practices), whereas detections in the pits are probably a result of disposal. 

Heptachlor 

Heptachlor is a two ring bridged compound with ten carbons and two double bonds. 

The following discussion of heptachlor properties uses information derived from the ATSDR 

Toxicological Profile Series (1993j). It is not very soluble in water and it has a large retardation 

coefficient. Therefore, it is expected to sorb strongly to soils and not leach to groundwater. If 

released into the aqueous phase, it will bind to sediment or suspended matter. Heptachlor has a 

moderately high Henry’s Law constant and will volatilize readily from surface water. It may also 

volatilize from surface soils. Once in the atmosphere, it can be transported over long distances 

before being removed by wet deposition. Heptachlor epoxide, a degradation compound that was 

detected sporadically. volatilizes less readily than heptachlor; otherwise, it behaves similarly. 

Heptachlor epoxide is the major transformation derivative of heptachlor. Degradation in 

air, water, and soil can occur through photolysis. hydrolysis, and biodegradation, respectively. 

Higher trophic level organisms can also metabolize heptachlor to the epoxide. Because of its 

high degradation and volatilization potential, heptachlor is not expected to persist in the 

environment. Heptachlor epoxide, on the other hand. is resistant to all types of transformation, 

as well as vaporization, and is therefore stable in the environment. 

Both heptachlor and its degradation compound were detected in pit soil and sediment 

samples. Heptachlor exceeded screening values in a pit soil sample. Like aldrin, it appears that 

these detections represent disposal. Heptachlor can be expected to be transformed to the 

epoxide, which is more stable. Neither is likely to be transported in groundwater, however. 

3.62 lnorganics 

Metals can volatilize into the air, sorb onto particles, enter the aqueous phase or exist as 

an insoluble solid or liquid. However, their physical/chemical properties depend on the 

oxidation states they are in. and on the type of complexes that exist for a given metal. These, in 

turn, are determined by the properties of the environment itself, such as pH, redox potential, and 

water quality. For example, lead can exist in three oxidation states, two of which, Pb(IV) and 

Pb(O), form solids that are so insoluble (PbOz(,) and Pb(s)) that virtually no other species exist. 

However, in most natural systems, Pb(I1) is dominant and a variety of soluble compounds may 

form. Other processes such as adsorption, ion exchange, and speciation, which are also 
““,,; 0:. _ ,<:\n- ,. 0, ,.1,t..; l,,lti ,~,1\:Y,!t1,,< 5 
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dependent on pH and redox, as well as the composition of the aquifer matrix, also effect 

transport. 

3.6.2.1 General Chemical Properties and Processes 

The chemical behavior of inorganic analytes in the environment is linked to chemical 

processes and reactions that require the presence of aqueous conditions. Unlike organic 

compounds, metals can form a variety of complexes, and contaminant properties such as vapor 

pressure, Henry’s Law constant and sorption coefficient are dependent on which complexes are 

dominant in a given system. The chemical processes that principally influence the aqueous 

transport of inorganic contaminants are dissolution, precipitation, complexation, adsorption, and 

ion exchange. The extent, rate, and effectiveness of any of these processes can be enhanced or 

reduced by the availability of fine grain particles (silts and clays), amount of organic matter, the 

pH, eH. dissolved oxygen concentration, and microbial activity of the system. 

The effects of fine grained material and availability of organic material have been 

previously discussed for organic compounds. The availability of clays and organic matter 

provide reaction sites on a molecular level to promote chemical reactions and to act as sorption 

sites for inorganic analytes under specific pH and eH conditions. The pH and eH (redox) 

conditions are critical in controlling the speciation or valence state of inorganic analytes, a major 

factor affecting the availability of inorganic analytes for transport in the environment. For 

example, most metals are more soluble in acidic aqueous environments, whereas amphoteric 

metals such as aluminum and lead exhibit increased solubilities in both acidic and alkaline 

waters. In slightly acidic to alkaline waters, the oxidized form of iron (Fe+3) will precipitate as a 

highly metal-sorptive ferric hydroxide phase, whereas the reduced form of iron (Fe*‘) under the 

same pH conditions will remain in solution. The oxidized and more toxic form of chromium 

(Crt6, hexavalent chromium) is a relatively mobile cation, whereas the less oxidized form of 

chromium (Cr+‘) is immobile because it is relatively insoluble and will strongly absorb to soil 

grain surfaces (Freeze and Cherry 1979; Walton 1985). 

Dissolution of minerals in a water-bearing matrix is the source of most inorganic ions in 

groundwater. The degree of dissolution that occurs is controlled by a variety of factors including 

the solubility of the individual mineral or inorganic analyte, the presence of other ions in solution 

(which can increase or reduce the solubility of a given mineral or inorganic analyte known as the 

“common ion effect”), the presence of inorganic or organic complexing agents, and the 

groundwater pH and redox potential (Freeze and Cherry 1979; Walton 1985). 
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Precipitation is the opposite chemical reaction to dissolution and results in the removal 

of minerals or inorganic contaminants from an aqueous solution. Precipitation is subject to 

basically the same set of controlling influences as listed above for dissolution. Consequently, a 

contaminant might initially be soluble within the source area but then precipitate downgradient 

as the matrix chemistry of the water-bearing zone and/or the groundwater chemistry changes 

(Freeze and Cherry 1979; Walton 1985; EPA 1989). 

Complexation occurs when an inorganic ion (usually a metal) binds together with a 

ligand (an inorganic ion or an organic compound) to form a new mobile species called a 

complex. The mobility of metal-inorganic complexes commonly results from these species 

being soluble per the standard definition of this term (i.e., capable of passing through a 0.45-pm 

filter). In contrast, both metal-inorganic and metal-organic complexes might be present in a 

form (colloidal or macromolecular) too large to pass through a 45 urn filter. but still sufficiently 

small to pass through the water-bearing zone matrix porosity. As a result, even though these 

complexes are not dissolved per the standard definition, they are still subject to transport via 

groundwater flow (Freeze and Cherry 1979; Walton 1985; EPA 1989). Some colloids are small 

enough to pass through the 0.45 urn filter, however (Puls et al. 1992). 

Transition metals (e.g., cadmium. copper. iron, lead, manganese, mercury, nickel, and 

zinc) form the strongest complexes, alkaline earth metals (e.g., barium, calcium, and magne- 

sium) form only weak complexes, and alkali metals (e.g., sodium and potassium) do not form 

complexes. Common inorganic ligands that bind with metals include ammonia, ammonium, 

carbonate. chloride. cyanide, fluoride, hydroxide, nitrate. phosphate, sulfate, and sulfide. 

Organic ligands include amines, pyridines, phenols, humic acid, fulvic acid and other organic 

acids or weak base. In shallow water-bearing zones, natural organic materials can be the 

principal control on the aqueous mobility of metals. However, in the case of lead and other 

metals, ammoniacal (organic nitrogen) compounds such as glycine and nitrilotriacetate can be 

even more effective complexing agents (Freeze and Cherry 1979; EPA 1989). In summary, 

complexation can have a very dramatic effect on contaminant transport. 

Adsorption. defined in the most simplified manner, involves the binding of an inorganic 

analyte. a metal-inorganic complex, or a metal-inorganic complex to the surface of the 

water-bearing zone matrix materials. This process is known as surface complexation. The ’ 

capacity of matrix materials to remove species from groundwater by adsorption increases with 

higher organic, clay mineral, and iron hydroxide contents. but is also influenced by a variety of 

hydrogeochemical factors (e.g., groundwater pH and redox chemistry, grain size, and analyte 

concentration). Many anions (e.g., chloride), alkali metals (e.g., sodium and potassium), and 



alkali earth metals (e.g., barium, calcium, and magnesium) are not adsorbed, whereas almost all 

of the transition metals (e.g., arsenic, cadmium, chromium. lead. and zinc) are strongly adsorbed 

by organic and/or inorganic matrix components (Freeze and Cherry 1979; Walton 1985; EPA 

1989). As stated above, however, this is highly dependent on which complexes are dominant. 

Adsorption has usually been considered only in the context of retarding contaminant 

transport via removal of analytes from groundwater. However, it has been suggested that 

contaminant transport can actually be facilitated by adsorption onto mobile colloidal particles 

suspended in the groundwater. As noted previously, colloidal particles might be too large to pass 

through a millipore filter, but still be sufficiently small to pass through the water-bearing zone 

matrix porosity. However, where these colloidal particles plus adsorbed analytes are small 

enough to pass through the millipore filter. the reported dissolved concentrations will include the 

colloidal particles, which may be almost equally mobile. 

Ion exchange is similar to adsorption. but the ions are held by electrostatic forces rather 

than coordination bonding. In groundwater systems. ion exchange reactions are basic to under- 

standing the behavior of the major natural ions, the behavior of contaminant ions at low levels, 

and the competition between metals for surface binding sites. Ion exchange reactions are the 

predominant mechanism of binding of alkali metals, alkali earth metats. and some anions to 

clays and humic materials. When present at high concentrations, these analytes effectively 

compete for binding sites with other dissolved metals, thereby “increasing the solubility” of these 

other, oFten comparatively insoluble, metals (Freeze and Cherry 1979; EPA 1989). 

Finally, like organic molecules, metals can undergo blologlcal transtormatlon. Ihe 

metal itself is left intact (i.e., arsenic remains arsenic). However. the form of the metat can be 
3+ 

changed. In some cases, such as iron, the valence state ot the metal IS changed (I.e., from l-e- 

to FE3+). In other cases, the metal is complexed as an organic molecule. The methylation of 

arsenic and mercury is a common example. Often this also results in a change in valence state. 

Methylation is a very important process, because it can increases a metal’s solubility (and 

therefore its transport potential in the aqueous phase) by several orders of magnitude. 

Accurately predicting the existing form(s) of a metal in a given environment requires 

detailed knowledge of that environment’s chemistry as well as the chemistry of the metal. Only 

then can the competing effects of the above-mentioned processes be understood. Neverthelesk, 

trends can be deduced from a more limited characterization. Unless otherwise noted, the 

information that appears below was found in the Toxicological Profiles, ATSDR, l992- 1993. 
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3.6.2.2 Arsenic 

Analysis of arsenic’s transport in the environment is complicated because its redox state 

can change frequently under common environmental conditions. The following discussion of 

arsenic properties uses information obtained from the ATSDR Toxicological Profile Series 

(1993n). 

Most arsenic appears to be sorbed onto mineral particles. such as clays and iron oxides. 

Transport is primarily through wind or water erosion. In the atmosphere, it is sorbed to 

particulate matter of less than 2 urn diameter in size. A typical residence time is nine days, 

indicating possible transport distances of the order ot~hundreds of miles. 

However, arsenic may be transformed into more soluble and volatile forms. Both 

chemical and biological reactions may be responsible. Its ground state, the rnsoluble and sorbrng 

As(O) is rarely observed. In soils where oxygen is present, the fully oxidized As(V), arsenate 

(AsO4’j, can be formed. Arsenate forms insoluble salts with aluminum. barium, calcium, and 

iron. These will sorb to soil particles, and can be mobilized only with dust or as suspended 

particulatcs in surface flow. However, chemical ledox ireactioiis as well as uiicrobial 

transformation can reduce arsenic to more mobile forms. For example, in slightly reducing 

conditions, arsenate may be reduced chemically to arsenite (AsO;‘-), or biologically to 

(CH;)2AsOzH through biological methylation. In each of these cases, arsenic is in the As (III) 

valence state. After large rain events, even surficial soils could be saturated, and therefore 

slightly reducing. Methylated arsenic is considerably soluble. and if it reaches an anaerobic 

saturated zone, highly reducing cnnditinns cnuld further reduce the As(lI1) tn As(-III), again 

through biomethylation. As(CH;)z- is also soluble and could be transported in groundwater. 

Methylated arsenic is also considerably volatile. However, if it were to reach the atmosphere, it 

would probably be oxidized to As(V) (as arsenate) or As(II1) (as arsenite), attach to particulates, 

and eventually drop out of the vapor phase. Nevertheless. biomethylation represents a possible 

mechanism for the transport of arsenic. 

Arsenic was detected above screening values in surface water, sediment, pit water, and 

pit soils. Only one pit soil sample showed arsenic above screening values, and the pit soils 

samples had similar concentrations. However, historical information regarding the pits, which 

includes possible disposal of pesticides (some of which are arsenic-based) means the arsenic : 

could be disposal-related. As discussed in Sections 3.5.5.1 and 3.6.4.1, arsenic detections in 

sediment could be the result of discharge from the landfill. The surface water samples with the 

largest detections were in seeps that showed organics contamination. However, arsenic was not 

detected in groundwater, which one would expect if it were being transported off site. It is more 
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likely that arsenic in the creeks is naturally-occurring, and that arsenic in the pits, if site-related, 

is probably sorbed as inorganic arsenic. Even if it were in the methylated, mobile forms, the pit 

material is now under the landfill cap and would be unlikely to become mobilized further. 

3.6.2.3 Barium 

The following discussion of barium properties uses information obtained from the 

ATSDR Toxicological Profile Series (ATSDR 199Of). Barium exists only in the +2 oxidation 

state. The fate and transport of barium in the environment is controlled primarily by insoluble 

sulfate and carbonate salts. BaS04 limits barium’s solubility at a p/-f below 9.3, whereas BaC03 

is the dominant salt at high pH. Furthermore, dissolved barium is likely to sorb onto solid 

particles with high cation-exchange capacity. Finally, barium can also form organic complexes 

in water, which are also likely to sorb out. Therefore, barium should not be mobilized in water, 

but will be persistent in the solid phase. It can be found in the atmosphere bound to particulate 

matter. 

Barium exceeded screening values in pit soils, surface water, and sediment, although 

only one surface water sample had levels of barium in excess of the MCL. This and one other 

sample had the highest detections of many metals, and it was hypothesized in Section 3.6.4.1 that 

these seeps could represent site related contamination. Barium exceeded its screening value in 

many sediment and pit soil samples. Regardless, it is unlikely that the detections in the creeks 

represents migration from the pits. As discussed above. barium is very difficult to mobilize in 

groundwater. 

3.6.2.4 Beryllium 

The following discussion of beryllium properties uses information obtained from the 

ATSDR Toxicological Proftle Series (ATSDR 19930). Beryllium exists in the +2 oxidation state 

and is not particularly mobile in the environment. It is generally found strongly sorbed onto 

suspended particulates, sediments, or soil particles because it displaces other divalent ions (i.e. 

ion exchange). It can form several insoluble complexes such as BeC03 and Be(OH)2. Its 

concentration in sediment has been observed to be much higher than its concentratton m water 

above the sediment. Therefore, it is either precipitated or sorbed, but probably not dissolved in 

the aqueous phase. In any case, it will not be mobile in either aqueous or solid systems, and no 

process has been identified by which beryllium will volatilize from either soil or water. 

Beryllium and beryllium oxide, BeO, can be mobilized on airborne particulates, mostly with 

3-48 



diameters of <2.5 pm. They may, therefore, remain in the atmosphere more than IO days, and 

can travel over long distances. Dry deposition will be the primary removal mechanism. 

Beryllium exceeded screening values in most of the pit soil samples and in a few 

sediment samples. The situation is similar to that of barium. Although beryllium in the pit 

samples could be related to disposal practices, it is unlikely that it is migrating. It was not 

detected in groundwater. Therefore, the sediment detections are most likely unrelated to the pit 

samples. 

3.6.2.5 Cadmium 

The following discussion of cadmium properties uses information obtained from the 

ATSDR Toxicological Profile Series (ATSDR I99 1 d). Cadmium esists only in one oxidation 

state (+2) in aqueous solution and is generally found as a hydrated ion (Cd2+6H20), but may 

also be bound up in organic complexes. It is fairly soluble in water, and is therefore more 

mobile than most heavy metals, particularly at low pH. The redox potential of the aqueous phase 

does not generally have a large effect on solubility because of cadmium’s smgle oxldatlon state. 

However, in reducing conditions where sulfides are present in large concentrations, cadmium 

solubility drops as cadmium sulfide precipitates. Groundwater below the landfill is likely to 

exhibit such characteristics. Cadmium can also be removed from solution via sorption to 

szdilnellts. Thi5 pruc;ess may be assisted by cadrrlium-serlsitive bacteria. Cadmium, and iIs 

related compounds, have negligible vapor pressures. However, airborne particulates may contain 

cadmium. In particular, combustion processes may emit cadmium-sorbed particles that may 

reside in the atmosphere up for 10 days, traveling hundreds of miles. Finally, cadmium is found 

to bioaccumulate in all levels of the food chain, including terrestrial vertebrates. 

Cadmium was detected in two surface water samples in which a large number of metals 

were present above screening values. Cadmium is often associated with waste petroleum 

products and metal plating operations. However, it was not detected (except very sporadically 

and below screening values) in other media. Therefore. the high detections in the two surface 

water samples probably indicate very localized contamination. If cadmium were present in the 

groundwater at this site (it was not detected), it could be expected to be mobile and transported 

off site. 
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3.6.2.6 Chromium 

The following discussion of chromium properties uses information obtained from the 

ATSDR Toxicological Profile Series (ATSDR 1992f). Chromium can be found in one of two 

oxidation states, +3 and +6. A variety of complexes exist for either state, and chromium may 

switch back and forth readily, depending on the redox potential of the system. Ahhough soluble 

forms of chromium exist in both oxidation states, it is generally observed that most chromium is 

sorbed or precipitated in aqueous and soil systems. Cr(VJ) is usually found as either chromate 

(G-O,-*) or dichromate (Cr 1 7 ), both of which can form insoluble complexes. Although 0 -* 

oxidizing conditions will theoretically favor Cr(VJ), Cr(JJJ) seems to predominate in the 

environment. This observation may be related to chromium’s lack of mobility. In soils, organic 

matter favors the reduction of Cr(VJ) to Cr(lJl), which forms an insoluble oxide (Cr203). This 

either precipitates or sorbs, either case rendering it unavailable for reoxidation even under 

favorable conditions. Chromium may be mobilized in the soils both as soluble Cr(Il1) and as 

soluble Cr(VI) but is generally immobile. Chromium is not volatile, and will only be found in 

the atmosphere in the particulate form. Median atmospheric chromium particle diameter is 

approximately I pm. Therefore, it may transported over large distances before being removed 

by wet deposition. 

Chromium was consistently detected above screening values in the pit soil samples. It 

was also detected infrequently above screening values in pit water and sediment samples. In 

surface water, screening value exceedances coincide with other maximum metals detections, in 

the two samples. Chromium detections could be associated with the disposal of a variety of 

wastes. although its natural presence cannot be ruled out. 

3.6.2.7 Copper 

The following discussion of copper properties uses information obtained from the 

ATSDR Toxicological Profile Series (ATSDR 1989b). Copper can exist in either the + 1 or +2 

oxidation state. When in the +1 state in the aqueous phase. only insoluble forms such as Cu2S 

and CuCN are likely. In most aqueous environments, particularly if aerobic, copper will exist as 

Cu’+. There are several soluble species, such as Cu2+ , Cu(HCO;)+, and CUE, but in most 

natural water environments, dissolved copper may exist at very low concentrations. Dissohe’h 

copper will be complexed with colloids, precipitated as an msoluble solid, or sorbed to solids 

such as organic sediments, clays, or iron and manganese oxides. Therefore, it is not expected to 

be mobile in groundwater. 
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Similarly, in soil, copper will bind to organic matter. carbonate or clay minerals, and 

iron and manganese oxides. It sorbs more strongly to clay than most divalent ions such as zinc, 

cadmium, and nickel. Therefore, it is not expected to leach into the groundwater. Copper 

complexes are not volatile, so atmospheric copper will be sorbed to particulates. They are 

usually found on sub-micron particles, which can remain in the atmosphere for weeks, traveling 

long distances before being deposited. Finally, copper complexes are not believed to 

bioconcentrate or biomagnify. 

Copper was detected above screening values in several pit water and surface water 

samples. Copper detections could be associated with the disposal of a variety of wastes, 

although its natural presence cannot be ruled out. 

3.6.2.8 Lead 

The following discussion of lead properties uses information obtained from the ATSDR 

Toxicological Profile Series (ATSDR 1993m). The physical chemistry of lead, and its fate and 

transport in the environment, is difficult to deduce at any specific site because of the variety of 

lead forms. The form of lead present depends up on pH, organic content, the presence of 

inorganic colloids, and several other soil characteristics. In highly reducing conditions, Pb(0) 

predominates. and the insoluble Pb(,) is virtually the only species of lead. In highly oxidizing 

conditions, Pb(IV) predominates. and the insoluble PbO?(,) results. However. most 

environments are likely to exist in moderate redos conditions where lead will be found primarily 

as Pb(II). 

Pb(I1) may exist as a precipitate, a chelate, or within an organo-metallic complex. 

Regardless, it is likely to sorb strongly to soil particles and will generally not be transported in 

the aqueous phase. However, under mildly acidic conditions (pH 4 to 6). in soils with a low 

organic content, significant leaching to groundwater is possible. In fact, in soft waters (low ionic 

content) of pH = 5.4. up to 500 ug/L lead may be dissolved. Natural rainwater has a pH of about 

5.5, so there could be some leaching of lead after rain events large enough to induce infiltration. 

However, rainwater also has a carbonate content due to atmospheric carbon dioxide. The 

dissolved lead content will probably be limited by lead carbonates, PbC03 and Pb2(0H&03, 

especially if the pH of the water rises after contacting the soil. Furthermore, most rainwater and 

groundwater does contain other anions such as hydroxides, sulfates, and phosphates, which 

further limit dissolved lead concentration. Therefore, it is likely that lead will remain sorbed to 

particles, within both the vadose and saturated zones. However, lead could still be mobilized 

during significant surface runoff events while attached to suspended particulates. 



In air, most of the lead will be in the particulate form with both dry and wet deposition 

responsible for removal. Residence time is highly dependent on particle size, but much of the 

lead appears to be associated with large particles (> I urn), so lead may not be transported far. 

However, the importance of wet deposition indicates that there may be volatile, soluble forms of 

lead in the atmosphere. For example, tetramethyl lead, formed through bioalkylation in 

anaerobic environments, has a vapor pressure of 26.0 mm Hg at 20°C. However, tetramethyl 

and the moderately volatile tetraethyl lead are photolyzed \vhen esposed to sunlight to the tri- 

and dialkyl-forms, which are less volatile and more soluble. This perhaps exptains the rapid wet 

deposition of atmospheric lead. These compounds may have the opportunity to leach into the 

groundwater. However, eventually these compounds are converted to inorganic lead. Thus. 

whereas lead may be briefly mobilized into the vapor and aqueous phases through anaerobic 

microbial methylation, it is ultimately returned to inorganic forms that may become sorbed into 

the solid phase. 

The presence of lead can potentially be attributed to disposal practices, for example of 

leaded gasoline, waste oil and scrap metal products. Lead was detected above screenmg values 

in a substantial number of surface water, pit water, and pit soils. It was derected in groundwater 

at levels (< 5 ppb), well below the screenmg value of IS ppb. Detections in the pit water, 

however. exceeded 400 ppb and detections in pit soils exceeded 2,000 ppb. Some concentrations 

in surface water exceeded 1,500 ppb, although the largest lead concentrations were in the hvo 

samples that had large concentrations of other metals. which likely indicates site-related 

contaminants. However, it does not appear to be migrating in groundwater at concentrations 

near its MCL. 

3.6.2.9 Manganese 

Manganese can exist in aqueous solution in four different oxidation states (+2, +3, +4, 

and +7). The following discussion of manganese properties uses information derived from the 

ATSDR Toxicological Profile Series (ATSDR 1992e). The fate and transport depends on which 

form is dominant, and this is dependent on pH, redox potential, etc. However, in most natural 

waters. Mn 21 is the most common form. Divalent manganese IS generally soluble, and in most 

environmental settings is found as MnC03. However, in oxidizing conditions, manganese rn$ 

oxidized to Mn 4+, which forms insoluble Mn02. In reducing conditions, manganese may 

precipitate as a sulfide, This could be important if the groundwater is anaerobic under the 

landfill. Sorption to soils and sediments is often significant, depending on cation-exchange 

capacity and soil organic content. Sorption may not be easily reversible, particularly at low 



manganese concentrations. Finally, manganese and related manganese compounds do not 

volatilize significantly, although they can be found in the atmosphere bound to suspended 

particulates. Deposition by wind or gravity is the dominant removal mechanism. and the 

residence time in the atmosphere is typically on the order of days. 

If manganese oxides are present in the soils. it may indicate that most metals are sorbed 

and immobilized in mineral soils. In particular, zinc. copper, cobalt. nickel. and lead are sorbed 

onto hydrous manganese oxides. This is a particularly important sorption mechanism in aquifer 

materials with low organic matter as in the bedrock aquifer under the landfill. 

Manganese was detected above screening values in many sediment samples. In 

addition. it was detected above screening values in several wells. most notably those 

immediately downgradient of the landfill. High manganese concentrations could be associated 

with the disposal of a variety of wastes. 

3.6.2.10 Mercury 

The following discussion of mercury properties uses information obtained from the 

ATSDR Toxicological Profile Series (ATSDR 1992~). Mercury can exist in three valence states, 

all of which are relatively common in natural systems. Mercury can exist in almost any phase, 

increasing the number of transport pathways and the likelihood of mobility. The ground state, 

metallic mercury, is the most reduced form. At ambient temperatures it exists as a liquid, but is 

quite volatile. Mercuric mercury (Hg’+) can also be found in the atmosphere, usually sorbed to 

aerosol particles. Both forms can remain in the atmosphere on the order of months. It can 

therefore be transported hundreds or thousands of miles before returning to surface soils and 

water. 

The primary mechanism for transport back into the aqueous phase is wet deposition. 

Gaseous mercury dissolves in vapor particles, which then settle out. Most dissolved gaseous 

mercury found in aqueous systems is elemental mercury. Of course, this can be readily 

volatilized back into the atmosphere. as can alkylated forms such as dimethyl mercury 

W-QW. N on-volatile, inorganic mercury (Hg+ and Hg2’-) can sorb to particulate matter. 

Some inorganic mercury compounds may be somewhat soluble. Once sorbed, however, 

inorganic mercury does not easily desorb into solution. Therefore, aquatic sediments appear to 

be a sink for inorganic mercury. 

Inorganic mercury in sediment can be transformed biologically into soluble forms (e.g., 

methyl mercuric chloride, CH3HgCI), or volatile forms (e.g., [CH3]2Hg) via blomethylation). 

This may occur under anaerobic conditions by sulfate-reducing bacteria, which may be found in 



groundwater under the landfill. Therefore, inorganic, sorbed mercury may be remobilized. 

Furthermore, abiotic processes can reduce these forms back to volatile, metallic mercury. On the 

other hand, under anaerobic conditions where,sufficient sulfide is present, mercury may 

precipitate as mercury sulfide, which is unavailable for biotransformation. 

It is very difficult to determine what forms of mercury will be dominant in a given 

environment, and in what phases it can be expected to be found. However, because of its ease of 

transformation between a variety of forms, it should be considered potentially mobile, both in the 

vapor and aqueous phases. Mercury may be bioaccumulated and even biomagnified in aquatic 

species. This is particularly significant because they are the largest source of non- 

occupationally-related human exposure to mercury. 

Mercury was detected above screening values in several surface water samples. It was 

also detected below I parts per million (ppm) in pit soils (the screening value is 3 ppm). It 

appears that mercury detections could be associated with the disposal of a variety of wastes. 

However, it is unlikely that detections in the surface water reflect groundwater transport from the 

landfill, because mercury was not detected in groundwater samples. 

3.6.2.11 Nickel 

The following discussion of nickel properties uses information from the ATSDR 

Toxicological Profile Series (ATSDR 1992g). Nickel has one oxidation state, +2 and in soil 

systems it may be sorbed strongly to particles, although not as strongly as lead and zinc. Iron 

and manganese oxides. as well as clay particles, are the most important sorption sites. It appears 

that sorption to soils may be irreversible, suggesting covalent bond formation. However, the 

presence of organic chelating agents may considerably increase nickel’s mobility. If it reaches 

the aqueous phase, it will exist predominantly as a hexahydrate. However. it may be removed by 

precipitation. particularly in anaerobic groundwater where sulfides are present. Nickel 

compounds are not volatile, so in the atmosphere it is limited to particulate matter. Wet and dry 

deposition can both be important removal mechanisms, depending on the size of particle. 

Nickel was detected in every medium sampled at the landfill. It never exceeded its 

screening value of 100 ppb in groundwater, although it was detected often. It exceeded 

screening values in severa surface water and sediment samples. It also exceeded screening 

values in every pit soil sample taken in 1994, and in several of the 1991 samples. Ntckel could 

be related to disposal practicesof batteries, for example . As discussed above, nickel may be 

mobilized in the aqueous phase, and the detections in the creek could reflect this transport. 



However, the detections in groundwater, all of which were below the screening value, indicate 

that groundwater transport is not a significant pathway for nickel. 

3.6.2.12 Silver 

Silver exists in the +l oxidation state. It is released into the atmosphere as an aerosol of 

varying particle sizes. Small diameter particles (less than 20 urn) may be transported long 

distances before being deposited via wet deposition. Transport and partitioning in the aqueous 

phase can be difficult to predict. Although only one valence state exists, silver forms a multitude 

of complexes. Many of the salts that it forms, such as with halides or sulfates. are fairly soluble 

and can be expected to move with groundwarer. However. it can be found sorbed onto 

particulate matter. particularly with iron and manganese oxides. These processes are highly 

dependent on pH and redox potential, not in how this affects silver (which. again, has only one 

valence state) but in their effects on mineral deposits. The presence of organic matter can also 

greatly affect sorption. 

Silver was detected in all four pit water samples and in one surface water sample above 

screening values. The detections in the pit water samples are consistent with site-related 

contamination. However, these data indicate that groundwater is not a significant pathway for 

silver transport. 

3.6.2.13 Zinc 

The following discussion of zinc properties uses information derived from the ATSDR 

Toxicological Profile Series (ATSDR 1992d). Like cadmium, zinc exists primarily in the +2 

oxidation state in the environment. In most situations, the zinc ion (Zn”) is in the hydrated form, 

which generally sorbs to iron and manganese oxides, clay minerals, and organic matter. Like 

most sorption processes, the extent is dependent on environmental factors such as pH, redox 

potential, concentrations of Iigands, etc. However, zinc can be mobilized in the aqueous phase, 

particularly at low pH. On the other hand, in reducing environments and in the presence of 

hydrogen sulfide, zinc sulfide will precipitate, thereby limiting its mobility. This may be the 

case in groundwater under the landfill. 

In general, zinc will sorb onto a variety of particles. In anaerobic soils, zinc sulfide will 

reduce its mobility. However, in aerobic soils, soluble salts such as zinc chloride and sulfate will 

be mobile. In the atmosphere, it is present as particulate matter, some of which are small, and 

may be transported long distances before returning to the soil and aqueous phases through wet 
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and dry deposition. Zinc is an essential nutrient, present in all organisms. Not surprisingly, it is 

found in a variety of organisms in concentrations much greater than ambient concentrations. 

Zinc was detected in every medium sampled at the landfill, but exceeded screening 

values only in surface water and pit water samples. Zinc could be related to disposal activities at 

the landfill, such as the disposal of brass materials, for example. However, zinc is also a 

naturally occurring mineral that is often found in the environment. In any case, zinc exceeded 

surface water screening values (based on effects on aquatic organisms), but not groundwater 

screening values. 
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Table 3-l 

WELL CONSTRUCTION DATA 
OLD LANDFILL - SITE 1 

l Destroyed during OHM removal action 

I I CD71TfmCm73az7/98.D? 
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HYDRAULICPROPERTlESOFTHEAQUIFER 

l Rising head lest dm. 
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Table 3-3 

I-GW-I 

I-GW-2 

I-GW-3 

I -GW-4 

I-GW-5 

I -GW-6 

I -GW-7 

I -GW-8 

I -GW-9 

I-GW-IO 

I-GW-I I 

I-GW-I2 

I-GW-I3 

SITE 1 OLD LANDFILL 
STATIC WATER LEVELS 

(Feet Above Mean Sea Level) 

Feb. ‘91 April ‘91 June ‘91 Aug. ‘91 Jan. ‘94 hl*r. ‘94 hIay/June ‘94 Aug. ‘94 Oct. ‘94 Dec. ‘94 

267.4 I 267.96 265.81 263.01 259.25 260 8 I N/l 257 95 256 31 255.62 

NA NA Nh NA 229.96 231 08 NA 229 I6 221.88 Nh 

207.26 207.36 207. I I 206 30 207.45 207.76 207 56 207.00 206 36 206 69 

227.68 227 78 226.08 224.10 225.63 229.28 221.58 224.88 224.18 224.18 

I80 I8 18043 178 67 175.99 180.62 180.73 18023 I78 I9 I75 53 I75 70 

209.52 21187 208 70 207 59 203 88 210 37 209 57 207 98 207.67 208 08 

127.18 12726 I21 39 127 I5 127.47 127 51 127 41 127 23 12691 13-l 70’ 

183.77 18427 I81 97 l7R 55 I81 57 I86 97 I84 27 I81 56 I78 37 177 75 

I82 70 IX265 I80 57 177 I2 I83 I9 I85 70 I82 90 I HO I R I77 00 177.1x 

NA VA NA NA 12992 12999 12999 129 63 12949 I?‘)# 

NA NA NA NA 92 00 93 51 91 RI ‘)I ox 90 8 I 91 115 

NA NA NA NA 91.87 92 89 91 69 90 95 90 69 90 96 

NA NA NA NA SO.78 91 49 90 39 80 68 89 69 89 74 , 

l Questionable Yalue 

Source: Ecology and lkvironment, Inc. 1994 
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Table 3-3 

SITE-RELATED CONTAMINANTS DETECTED 
ABOVE SCREENING VALUES AT SITE 1 

Surfncc Pil 
Contnmitmnt Groundwater U’ntcr Sediment Soils’ 

ISORCANICS 

Pit 
Wrtcr’ 

Sllvcr 

Zinc 

S\‘OCS 

I.&Dichlorobmzene 

PAHs 

Benzo(a)anthracene 

Bcnzo(a)pyene 

Benzo(b)fluoranthene 

X (1) 

(1) 

X 

X X 

x 



Ta blc 3-1 

SITE-RELATED CONTAMINANTS DETECTED 
ABOVE SCREENING VALUES AT SITE 1 

Cantaminsnt 
Surhce Pit Pit 

Cm~rndwatrr Water Sediment Soils* Water* 

(I) Dekcrcd below screening value. but considered significant based on detections of similar compounds 
in [his medium, or of thcsc compounds above screening values in other media. 

l The pifs have been remediated and the contaminated soil was placed within a cell within the landfill. 

I, CD7171~CI~J7-IM7~8-DZ 

3-107 



I'ilgc I of 4 

I 

I 

1 

1 

> 

J 

J 

1 

) 

1 

I 

, 



Page 2 or 4 

GROUND\VATER SCREENING VALUES 



Table 3-5 

GROUNDWATER SCREENING VALUES 
BAINBRIDCE NAVAL TRAINING CENTER 
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Page 4 of4 

T~lblc 3-S (conrinucd) 

(a) Safe Drinking N’atcr ACI. Maxmum Conlamlnanl Lcvcls (EPA 1994) 
(h) Safe Drinking \\:aw ACI. Maulmum Conlammsnl Level Goals (EPA 1994) 
(c) EPA Ollicc of Waler, Likumc tknllh Advisorus (EPA 1994) 
(d) EPA Region III Risk-Based Conccn!m[lon Tnhlc (EPA 1995) 
(c) Background baxd on avcragc dcwc!ed in upgradient wells. 
(I) Screening value dctcrmmcd as l’ollows- IOWW of non-xro ARARs. if no ARARs. tbcn lowest olTBCs Screening value no, SCI below hackground. i.e.. 

il’bactqround uzs nhovc AKAR or .rUC. 11k!n hxk&!rourul bccorrzo XICCII~I>~ >.,iuc. 

(I ) Total lrihalomclhancs (THMst. 
(2) I’ropuscd ~lillld.uuJ 
(3) Under rcvicu 
(4) Acrlon lcvcl hascd on Ircauncm ICC~IIII~U~ 
(5) Longer-wnr tIA for children. 
(6) Drnn sfandard 
(7) Free cynnldc. 
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Table 3-6 

SOIL SCREENING VALUES 
BAINBRIDCE NAVAL TRAINIl’iC CENTER 

iis(2-eth) Ihcsyl) 
hthalatc 

urylbcnzylphthalatc 

h?scnc 

ibrnz(ah~anthraccnc 

46.000 31.000.000 I .800.000 ' 46,000 

16.000.000 930.000 465.000 465.000 

88.000 3.600(2) 160.000 3.600 

88 7.200 I .ooo 88 



Dihrnzofuran 

Dihucylphlhnlntc 

I .4-l)lclllorohcnzerrc 

Di-rr-ocrylphrhalalc -~ 

Fluornnthcnc 

IndcnoC I.?.~-cdhvrcnc 

?-Mc~l~~lnnnl~rhnlcnc 

- 
T 

Table 3-6 

SOIL SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

2.300.000 1 X1.000(2) 1 2. I LKJ.000 I I 56.000 

+.tptachlor 140 5.000 I I.500 140 

lrptachlor epoxidc 70 5.000 350 70 

Whoxychlor 390.000 4 1.000(2) uu.ooo A I .OOO 
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,%gK 4 Of-4 

Ttiblc 3-6 (coofinucd) 

(3) EPA Region 111 Risk-&cd Concenlrallon T3hl~ (EPA 199.5). rtsidcnllal soils. 
(b) Soil ScrcKning Guidance for Inhalation of Volatilcs from Soil (OSWER 1996) 
(c) Migration I’rom soils IO pundwalrr. using a diluflon and ancnuafion factor (DAF) of 10 (OSWER 1996) 
(d) EPA interim gurdancc on soil icnd lrvel cleanup IKVKIS al CERCLA SIIKS (EPA 1994). 
(K) ShaCklKIlK and Bocmgcn (1984). 
(1) Screening values b;LtKd on ~o~~KsI TX availnhlc. Scrrening value not SKI hclow hac@ound. i K rfhac~grnund was ahovc TBC. then hacltgrnund 

bccomcs ScrKKning value (Note Vzilucs used in screcnmg wcrc 1hosc from 1994 GuidanCK. which WcrK pcncrally luwcr lhan rhc IYYQ lrvrls shown) 

(I ) AvKrngK ofvslucs for cts- and Irilns- Isomers. 
(2) Calculalion pcrfomlcd h! EPA Rcpon III. using same melhodology pcrliwmKd hy OSWER (EPA 1905) 
(3) Free cynmdc. 
(4) AvK~~~K ol’m-.o-. and p-xylcncs. 
EPA. 1995. Rut-Bawd Concmrrauon 7bhk. January - June 1995, EPA Rcglon Ill. 
OlliKK of Solid Wwc and EmKf’gKnCy Response (OSWER). EPA. 1996. SodS~rr~m~ Gutrfancr. EPNS40/F-95104 I. July 1996. 
EPA. I99 I Updare on OSH’ER Sorl Cod Cleon~rp Gu~dancc. OSWER Dircclwr 9355 4-02a 29 Awusl 1991. 
Shucl;lK~~r. H 1‘. and J G DocmgKn. 19x4. E/wren/ Concenrr~tfron~ m SOIL and O~lrcr Sur@o/ Afwzrrols o/f/w (‘onrrrmmorr.f Unt/rd Srarcs. 1ISGS 
I’rofKssionnl rRpt3 I?70 
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Tdh 3-7 

SlJRFAC& WATER SCRCCNING VALUES 
BAINBRIDCE NAVAL TRAINING CEh’TER 

ARAHS 

(‘\\‘A WQC OVA N’QC (‘OhlAl< MIN’QS <‘O\lAH hll)\\‘Qs 
lluman Ilc~~lth 

I:rcshwulrr IlumPn llrnlltl 
<‘riccriun (‘unsumptwn UC 

(‘l~llll!lUOUS \\‘u1cr and I~rcbhntrr C‘hronic I)rinldny: Fish Scrrmng 
Anul!~tcs ( uuccntrwlion Orpusms Aquut~ Orpwntsm \\‘utcr Consumption \‘aluc 

W/L WL PIYL Pd. m/l. 
IHI (11) (C) (d) (Cl 

ccnaphthcne 

ccnaphrh~lcnc 

nthracenc 9.600 9.600 





Table 3-7 

SURFACE WATER SCREENING VALUES 
BAINHKIUGE NAVAL -I KAlNlNC CCN ILK 

Iluman llrallh 

I’agr 3 of 3 

(a) Clean Wotcr Act. Wntcr Quality Craterin. Criterion Continuous Concentration (IO which aquatic life cm he c~pnwd for ttp tn A rlny~) (FPA 1994) 
(b) Clean Water Act. Water Qualiry Criterta for protection of human health agamst consumptions ofhoth untcr and aquatlc organisms (EPA 1994). 
(c) Code of Maryland Water Quality Standards for protectron of freshwater orgamsms against chronic elkcts (COMAR). 
cd) Code of Mqland Water Qualiry Standards for protection of human health against consumption of water (COMAR). 
(e) Code of Maryland Water Quality Standards for protection of human health against consumption of aquatic organisms (COMAR) 

(I) Hexavalenr chromium. 
(2) Total chromium. 

USEPA. 1994, Warer Quality S/andards Handbook: Second Edition. Appendrr A. tPA-XL&B-Y4-UUSa. Ufficc 01 Waler. Washingron. DC. 
Code of Maryland Regulations, Section 26.08.02.03-26, Table I. 
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r --- TABLE 3-8 
ANAL1TICAL REXJLTS 
SITE I: OLD LANDFILL 

FIT SOIIS 

- 

Sample 
Sample Dale 

(VOCS ww 
.I .I-dichlorotrhene 
hcelonc 
chlorobenzcnc 
elhylbenmne 
methylene chloride 
tctrachlorocllcne 
loluene 
lrichlorocthene 
xylcnes (total) 

WJAS WW 
2-methylnap~thalcne 
accnaphthenc 
bcnzo(a)pyrtne 
bcnzo(b)fluarantbcne 
bcnzo(ghi)pwylene 
bis(2-cthylhcxyl)phthalate 
butylknzylphthalate 

w 
r chryscnc 

lluoranlhcnc 
z nuorene 

indeno(l23-cd)pyrene 
naphlhalene 
phenanthrcnc 

II pyrcne 

PcsIicide~CRs (pg/lq) 
4.4’~DDD 
4$-DDE 
4,4’-DDT 
aldrin 
alpha-chlordane 

” gamma-chlardane 

I-W I I -I’S2 I -PS-3 
Feb-94 Feb.94 Fcb-94 -- ___- ___ 

ND 
ND 

300.0 J 
6500.0 J 

11000.0 J 
ND 

1400000 DJ 
ND 

180000 DJ 

140.0 J 
ND 
ND 
ND 
ND 
36.0 J 
ND 
ND 
ND 
ND 
ND 
690 J 
380 J 
ND 

2looo0 D 
II000 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

740000 D 

ND 
ND 

17000 J 
13000 J 

120000 J 
ND 

120000 J 
ND 

92000 J 

680 J 
ND 
ND 
ND 
ND 
IS0 J 
ND 
ND 
ND 
170 J 
ND 
300 J 
470 J 
ND 

49000 
3700 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
340000 1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
200. 
ll.O! 
10.0 !  
120 I 
ND 
ND 
ND 
ND 
120 !  
ND 
ND 
450 I 
500 I 

5oooo 0 
6100 1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

- 
I -K-4 I -PS-5 

Fcb-94 F&94 __ ~ 

ND 
ND 
ND 

IOJ 
ND 
ND 

60 J 
ND 

IO1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
230 J 
ND 
ND 
ND 
ND 
90 I 

260 J 

7500 D 
260 J 
390 J 
ND 
88 

ND 
ND 
ND 
ND 
ND 

I80000 D 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I.PS4 I -KG7 I -rS.8 1 .rs-9 I -rs-91) 
Fcb-94 F&94 Feb.94 Fcb94 Fcb94 ____ ___ -___ 

ND 
ND 
ND 

27OXIO J 
91wo 1 

ND 
14CWOO J 

ND 
4400300 J 

6500 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IWO J 
ND 

2600 J 
2600 J 

ND 

18000 DJ l1oooOO D 
ND 34000 J 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

180000 D 32OCOOO D 

ND 
ND 
ND 

loo00 J 
ND 
ND 

99000 
ND 

81000 

240 J 
ND 
160 J 
200 J 
110 J 

86 
ND 
ND 
310 
ND 
II 0 

86 
36 0 

J 

330 J 

IKOOO D 
9800 J 

ND 
ND 

1700 
ND 
ND 
ND 
ND 
ND 

93ccoo D 

ND 
ND 

14000 J 
150000 

ND 
ND 

36000 
ND 

83OC00 

350 J 
ND 
ND 
ND 
ND 
21 0 J 
ND 
ND 
ND 
ND 
ND 
320 J 
190 I 
ND 

ND 
ND 

1200 J 
670 J 
ND 
ND 

I500 J 
ND 

I200 J 
ND 

ND 
ND 
ND 

9200 J 
ND 
ND 

1800 J 
ND 

42000 

I50 J 
ND 
ND 
ND 
ND 
160 J 
ND 
ND 
100 J 
ND 
ND 
ND 
I60 J 

88 J 

1900 GJ 
ND 
ND 
200 J 
200 J 
210 J 
ND 
270 J 
ND 
190 J 

880000 I!  

ND 
ND 
ND 

2200 0 
ND 
ND 

20000 
ND 

120000 

130 J 
ND 
ND 
ND 
ND 
1701 
ND 
ND 
ND 
ND 
ND 
ND 
I20 J 
ND 

l-rs-I0 i -rs-l I 
Fcb94 Feb94 ___ ____ CRV 

2800 J 
ND 
ND 
ND 
ND 
ND 

I5000 J 
540 0 J 

13000 J 

IS000 J 
ND 
ND 
HD 

9300 0 
12000 J 

ND 
31000 J 

ND 

370 J 
ND 
ND 
ND 
ND 

230 J 
300 J 
ND 
ND 
380 J 
ND 
ND 
900 J 
ND 

ND 
ND 
ND 
190 J 
ND 
25 0 
26 0 
I7 0 
28 0 
ND 
ND 
ND 

14 0 J 
380 J 

II 
I’ 
II 
II 
It 
I 
I 
I’ 
I’ 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

2000 DJ 2300 DJ 
83 0 ND 
ND ND 
25 0 ND 
22 0 J ND 
180 J ND 
ND ND 
ND ND 
ND ND 
290 J ND 

I5000 D 
3100 

ND 
ND 
ND 
ND 
ND 
VI) 
vu 
ND 

7oooo01) 26000000 2c0OlwOD 

-. 
1 - 
L 

00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
0.0 
00 
00 
0.0 
00 
00 
00 
00 
00 
00 
00 

33 
33 
33 
I 7 
I 7 
I 7 
33 
33 
17’ 
17~ 

50 

(1) 08/l 3/97 



TABLE 3-8 
ANAI.ITICAL RUULTS 
SI1.E I: O1.D LANDFILL 

rm so115 

Sample 
Sample Dale 

lnorganics (mghg) 

m-l I -m-2 
l’eb-94 I:cb94 

I m-3 
Fcb-94 __- 

2860 0 
ND 

20 
243.0 

1.7 
ND 

2ooo.o 
91 
6.2 

27.1 
5290.0 

831 0 
792 0 

514 
ND 
54 5 
ND 
ND 
ND 

451 0 
333 0 
253 0 

1.5 

1 a-4 1 a-5 I-PS-6 I .rs-7 I-W-8 1 -m-9 I -rs-9IXJP 
Feb.94 Fcb94 Fcb94 Frb-94 Fcb94 Fcb94 Fcb-94 

aluminum 
anlimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 

iron 
lead 
magnesium 
manganese manganese 
mercury mercury 
nickel nickel 
potassium potassium 
selenium selenium 
silver silver 
sodium sodium 

W W vanadium vanadium 
I I zinc zinc 

G G II cyanide cyanide 

137000 141000 
NV NV 
49 66 

2560 233 0 
1.2 14 
25 ND 

3690 0 3930 0 
40.0 30.4 
119 140 

1640 71.1 
I3700.0 164000 

596 0 534 0 
3080 0 31800 

1200 126 0 
0.41 J 045 J 
52.0 42 8 

2 170.0 21300 
1.2 J 1.2 J 
25 J 14 J 

ND ND 
108.0 1360 
712.0 427 0 

13 ND 

IEOOOO 156000 6880 0 8070 0 24300 0 
NV NV ND NV NV 

41 16 2 107 87 20 
1390 IS30 544 0 2700 2600 

I 2 I I 098. 0 56 12 
ND ND 34 12 12 

3040 0 29000 11400 21700 7890 
23.8 21 8 55 8 61.1 147 0 
II 9 106 IO 5 21 9 34 3 
37 2 42 7 414.0 245 0 5530 0 

189000 173000 93cN3 0 56400 0 36700 0 
2100 241 0 2190 0 16500 16100 

3730.0 3450 0 4030 0 43500 22200 0 
134 0 1300 85 2 375 0 197 0 

0.17 J 022 J ND ND ND 
26 0 24 5 69 0 54 2 10500 

2070 0 2020 0 10600 791 .o 13900 
ND 077 J 24 J 083 J 12 J 
ND ND 1.7 J ND ND 
ND ND ND ND ND 
72 2 68 0 I100 45 4 80.0 

1680 1510 10200 929 0 2330 0 
I2 ND ND 26 13 

156COO 
ND 

I3 
1640 

071 
ND 

14500 
II90 

26 3 
93 7 

22700 0 
2420 0 

14ocu30 
244 0 

ND 
101 0 

10800 
068 1 
ND 

375 0 
59 9 

1750 
081 

22600 0 
ND 

17 
1530 
0 73 
ND 

I: 170 0 
161 0 
42 J 
95 2 

319000 
12500 

198000 
3640 

ND 
1350 
1800 

069 J 
ND 
ND 
72 C 

13oc 
2c 

I-rs-I0 I-m-1 I 
Feb94 Fete94 

204OO 0 27800 0 
NV 

26 
II60 

I 3 
ND 

38900 
IO50 

22 6 
1060 

214000 
10600 
61600 

396 0 
ND 
45 s 

13200 
ND 
ND 
ND 
98 8 

281 0 
23 

CRVL ----I 
40 011 

NV 120 
73 04 

2090 400 
16 IO 
1.6 IO 

51600 10000 
107 0 20 

24 6 100 
259.0 SO 

26600.0 200 
IS800 02 
8070 0 loo00 

346 0 30 
025 J 004 
668 80 

2020 0 10000 
14 J 20 
16 J 20 

ND 10000 
138 0 100 
571 0 40 

44 OS 

OR/I 3197 



TAALE 3-9 
ANALYTICAL RESULTS 
SITE I: OLD LANDFILL 

PIT WATERS 

Samplc 
SaIlpIe Dale 

vocs (p&) 
~ 1,2-dichloruclhcne 
; clhylbenzene 
( tclrachloroclhcnc 

lrichloroelhenc 
vinyl chloride 
xylencs (lolal) 

I -[‘W-l 
Fcb-94 -__ 

I -[‘W-2 
Feb.94 

I-rw-3 
Fcb-94 

I-PW-4 
Feb.94 - 

CKQtJ 
CRDL 

ND NIB NI) 2800 IO0 
ND 2.0 J II 0 ND 100 
ND ND ND 1300 100 
ND ND ND 3000 100 
ND ND ND 70 J 10.0 
ND 13.0 56.0 ND 100 

BNAg (PI&) 
I ,2-dichlorobenzenc 
2-melhylnaphthalcnc 
2-mctiylphcnol 
2.4-dimcthylphcnol 
4-mclhyhlphcnol 
accnaphlhcnc 
naphlhalcnc 

ND ND I.0 J ND 10.0 
ND 20 J I.0 J ND 10.0 
ND ND I.0 J ND 10.0 
ND IO J I.0 J ND 100 
ND 30 J I.0 J ND 100 
ND IO J ND ND 100 
ND 30 J I.0 J ND 100 

PcsticidcsRCDs (&L) ND ND ND ND 

TPHC (mgh) ND 5.6 x0.0 D 26 I.0 

Inorganic9 (@L) 
aluminum 
arsenic 
barium 
calcium 
chromium 
cobalt 
wwr 
iron 

I lead 
j magnesium 

1: manganese . 
= nickel 
Z potassium 
Z silver 
i sodium 
2 vanadium 
F zinc 
z 

2210 31200 94 6 9360 
ND 25 ND ND 
24.6 69.4 22 5 64.6 

22000.0 13400.0 13400.0 666000 
ND 19.3 38 J 7.9 J 
ND a7 ND ND 

1.2 42 I 7.1 22.8 
279.0 J 2490C.0 1140.0 2180.0 

3.0 429.0 63.5 81.2 
3900.0 753Cb.O 5710.0 20700.0 

21.2 344.0 93.1 355.0 
1.4 J 27.3 J 13.6 J 122 J 

2490.0 3670.0 31700 4350.0 
3.3 J d.0 J 4.5 J 4.5 J 

2520.0 2750.0 31400 72800 
ND 13.2 ND 71 

269.0 131.0 88 5 1360 

2000 
20 

2000 
5000 0 

IO.0 
50 0 
250 

1000 
IO 

5000.0 
I50 
400 

5000 0 
100 

50000 
500 
200 

1’ ~- II 

(1) 08/I 3/97 
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01 
01 
01 
01 
01 

M 

aN 
M 

aN 
M 
M 

I 01 
M 
aN 
M 
aN 
aN 
aN 
M 
aN 

VN VN 

aN 
M 
aN 
M 

M 
M 
M 
aN 
M 

.M 
M 
aN 
M 
M 
M 
M 
M 
M 

M 
M 
aN 
aN 
M 
aN 
aN 
aN 
M 

LIN 

M 
M 

M 
M 
M 
aN 
aN 
M 

r 0’1 
M 
M 
M 
M 
M 

aN 

aN 
ON 

M 
M 
M 
M 
aN 
aN 

I 07 
aN 
M 
aN 
M 
M 

VN 

(1N 
M 
aN 
M 
M 
M 
M 
arc 
M 
M 
M 
M 
at.4 
aN 

(1N 
aN 

M 
M 
(IN 

I 0-I 
aN 
M 

I 0-l 
M 
M 
M 
M 
M 

VN 

M 
M 
aN 
(IN 
M 
aN 
aN 
M 
M 
M 
(IN 
M 
aN 
M 

aN 
M 

I 07 
M 
M 

1 0% 
M 
aN 
M 
M 
aN 
M 
M 
aN 

VN 

aN 
M 
aN 
M 
M 
M 
ON 
M 
(1N 
aN 
aN 
M 
aN 
aN 

ON 

(IN 
M 

(1N 
aN 
(1N 

I 07 
aN 
M 
(IN 
aN 
ah4 
aN 
M 
aN 

VN 

M 
aN 
M 
aN 
aN 
M 
(1N 
ON 
(IN 
aN 
M 
M 
ah4 
aN 

VN VN 

ON 
(1N 

aN 
(1N 

aN aN 
aN (IN 
aN (IN 

aN aN 
M M 
(1N 
(1N 

M 
(1N 

aN aN 
aN aN 
(IN (IN 
aN (IN 
aN M 

VN VN 

IO2 aN 
UN aN 
aN aN 
aN aN 

I 01 ON 
(1N M 
flN (1N 
(1N ON 
aN M 

ON QN 
aN (1N 
aN M 
aN aN 
aN (IN 

04 
au 

VN 

aN 
aN 
aN 
CN 
CM 
CN 
aN 
aN 
(IN 
aN 
aN 
aN 
aN 
aN 

-- 
16-~ 
-WI 

VN 

M 
ZlN 

M 
aN 
(1N 
aN 
M 
M 
09 
aN 
M 
M 
M 
M 

VN 
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at4 
ati 
aN 
M 
(1N 
ah 
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aA 
a@ 
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aN 
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SllM-Xl IVXLtlVNV 
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ANALYTICAL RESULTS 
Sll’E I: OLD IANDFILL 

CROUND\VATER 

IGW.1 
Fcb-91 __. 

ND 
ND 
ND 
II I 
ND 
ND 

16550 0 

IGW., 
l”“ll”l.91 -_ 

ND 
ND 
ND 

11 1 
N” 
NU 

141000 
ND 
NV 

IGY~I 
od94 

410 
ND 
hm 
73, 
01, 
ND 

1,boo0 
h-D 
m 
Ill 

Ku0 
NLl 

9,,00 
Ia 9 
ND 
ND 

limo 
ND 
hTI 

IGW.IF IGW.1 I-GU’-IF 
on.94 Da.94 k-94 

---I 
mRDl. 

41, I ,790 
h-D ND 
hlJ NLI 
77 3 72 9 
hP ND 
ND hll 

ND 
ND 
ND 

09 
ND 
UD 

21100 0 
NLl 
ND 
111 
II4 I 

II, 
,llOO 

I99 
ND 
ND 

,940 0 
lOI 

ml 

1000ll 
600 

10 
moo 

$0 I 
JO 

,OmO 
100 
50 0 
1>0 

IWO 
IO 

memo 
I50 
01 

100 
me-Jo 

10 
IO0 

,mOO 
100 
500 
20 0 
100 

IGW., I-FW-I I4W.l IGW-I IGW.1 ICW-IF 
AU6.91 ,ul-94 Mu.94 h-94 - - - A”,.94 .Q.94 

$7 I 
ND 
ND 
I, 5 
N” 
ND 

28,000 
ND 
117 I 

62 I 
I45 J 
ND 

70100 
*I 

ND 
ND 

4100 0 
ND 
ND 

1lWOO 
ND 
II 7 
196 I 
ND 

4.60 I 
ND 
ND 
711 

1290 
ND 

I74 , 
ND 

NII 
ND 

N” 
69 , 
NV 

19 
I,Ka 0 1 

Nu 
ND 

ND 
69 9 
Nu 
ND 

!,lca 0 

ND 
ND 

16 1 
ND 
ND 
67 9 

*5mo 0 
ND 
Ml 

113 
,170 

91 
1910 

13 ND 
9600 0 91100 

110 66 

II I 
,170 

NLI 
93,OO 

II 0 

214 
16600 

ND NLI 
ND ND 
ND ND 
ND ND 
ND 16 

ND 
ND 

10100 
ND 
ND 

ND 
96700 

II I 
HD 
ND 

1110 0 
MJ 
ND 

IWO00 l~W30 Ilax) J luco0 IIIWO J IIux)O 
ND ND ND ND ND ND 
ND ND ND 56 ND ND 
165 I 431 166 I 41 I 614 I 116 I*9 x16 
NLI ND ND ND NA ND HA ND 

16600 0 lllrn 0 
ND ND 
ND ND 
111 IPI 
ml 7650 I 
ND II I 

101wo 9uo 0 
I‘ 7 171 
h-D h-II 
hD ND 

1m0 19mo 
hTl Ml 
tm ND 

I4,rnO 1,1WO 
hrn ND 
ND No 

ND 
ND 
ND 
ND 
ND 

mm 0 
44 

ND 
ND 

41000 
ND 
ND 

IlaoO 
ND 
ND 
307 
ND 

ND 
hD 

61 
ND 
ND 

6160 0 
ND 
NLl 
ND 

1030 0 
ND 
ND 

119000 
ND 
ND 

11 
ND 



ANhLiTlCAL RESULTS 
SITE I: 0I.D WNDFILL 

CROUND\VA+ER 

hle”i,arin~ WI0 Pzw.1 
S.m,C I,.,. Feb.91 

JCI cPm.1 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 

10 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 

NA 

HA 

ml 
ND 
HD 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NTJ 
ND 

ND 
ND 

NA 

I -cw-1 
,“nl,“,-Pl 

NO 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NO 
No 
No 
ND 
NO 
ND 

NA 

ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

N* 

I-c3W.I I -FW-1 

A!!LEL -kc-. 

ND 
ND 
ND 
ND 

1.0 I 
ND 
Nu 
1.0 I 

ND 
10 I 
1.0 J 

ND 
ND 
WI 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 
ND 
ND 

I.0 I 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
IO.0 
ND 
ND 
ND 

ND 
ND 

ND 

I-cw-1 ICIW-1 
Mv.94 JVl7.94 --_ _-- 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
No 
ND 
ND 

ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
9.0 I 

ND 
ND 
ND 

ND 
ND 

Nn 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
w 
ND 

NA 

ND 
ND 
ND 
ND 
ND 

1.0 I 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
Nu 
ND 
ND 
ND 

ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I.0 I 
ND 
ND 
ND 

ND 
W 

ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND. 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 

LO I 
ND 
Nu 

ND 
ND 
ND 
hV 

ND 
ND 

ND 

10 
IO 
10 
10 
IO 
IO 
10 
10 
10 
IO 
10 
,a 
10 
10 

I 

IO 
,a 
,a 
JO 
,a 
,a 
Ia 
Ia 
,a 
la 
IO 
Ia 

0' 

0 
a 
0 
0 
0 
0 
0 
0 
a 
0 
a 
0 
0 

0 

‘0 
‘0 
‘0 
a 

‘0 

IO 
IO 
IO 

,, 

a 



SI1F. I: 0I.D lANDFILL 
~RVUNDW’AlER II 

I .Gw-* I4W.I 

-Apr-‘)L 91 JudJul 

716 J 2”fO 
NII N” 
NU ND 
567 62, 

ND 
Y” 

4*1000 
ND 
Nu 
ND 
11 7 
ND 

,o,m 0 
61 

NL7 
ND 

1040 0 
ND 

ND 
617-m 0 

ND 
ND 
II0 
ND 

NU NIB 
ND ND 

‘o6oo0 ‘7C-300 
I,20 J N” 

ND ND 
‘1 NLI 

6110 36 I 

ND ND 
91400 111000 

117 J I41 J 
tal Nu 
19 5 ND 

1o’c 0 106oa 
td7 ND 

ND ND 
J‘9000 62X0 0 

NTJ ND 
ND ND 
113 J I,, 

ND ND 

NI, 12 J ND ND ND 
67 I 40 1 
NO ND 
ND ND 

561000 6>8WO 
ND ND 
,,I J ND 
Nu ND 
116 J JlSOO 

I7 ND 
,,9COO 111000 

17 11500 
0 20 ND 
ND ND 

3770 0 ,I100 
ND ND 
ND ND 

,woo 0 112000 
ND ND 

67 ND 

670 
N” 
ND 

lllaJo0 I 

ND 
11 

ND 
61100 J 

II 
116000 

14100 J 
ND 

97 
JO10 0 

ND 
II 

1xalo 
ND 
ND 

$7’ 
0 29 
Ml 

91xmo 
ND 

,9 
,6 

II 6 
w 
ND 

~JCCOO 
ND 

57 
II 

7’700 J 
M7 

1,*000 
1160 0 

ND 
w 

xxx)0 
ND 
ND 

2J9wO I 
ND 
ND 

ND 
ND 

160 111 J 1’ 7 0 J 19 6 
NLl ND ND ND ND 

IGW.IF 
A”‘ 9, 

9* 2 
ND 
ND 
30 J 
a 30 
No 

,,cm 0 

ND 
69. 

ND 
11400 

No 
lX.000 

1,700 
ND 
ND 

‘SO 0 
ND 
Nn 

196000 J 
ND 
ND 
III J 
NA 

xmo 
640 

IO 
hma 

,o 
,o 

WOO0 
100 
500 
I,0 

,000 
10 

,moo 

‘KII 
400 

,COJO 
IO 

100 
xxx)0 

100 
500 
200 
IO0 

n 

W 
I 

rs 
N 



ah4 

M 
M 

M 
M 
M 
M 
M 
aN 
aN 
M 
M 
M 
M 
011 

M 

M 
at4 
M 
aN 
aN 
aN 
at4 
M 

a 6-m 
M 
M 
at4 
M 
at4 

(IN 

CN 
CN 

I WI 
CN 
GN 
w 

,Ol2 
aN 
aN 
aN 

O'IZ 
ClN 

aN 

aN 
aN 

aN 
aN 
aN 
aN 
(Ly 
aN 

a 009~ 
aN 
(Ly 
aN 
aN 
aN 

av 

M 
aN 

aN 

a.. 
M 
ar 
all 
an 
all 
al 
M 

a owz 
aIl 
ax 
a!l 
al4 
al4 

aN 

M 
M 

M 
aN 
M 
aN 
aN 
M 

10-z 
aN 
M 

I 0-P 
ObZ 
aN 

VN 

aN 
M 
M 
M 
aN 
aN 
M 
M 
ov9t 
M 
M 
a9 
aq 
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au 
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aN 
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I 07 
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I Cl 
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VN 
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aN 
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a 0-0~ 
(1N 
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M 

I 0-l 
aN 
M 
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I 0% 
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M 
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M 
M 
at4 
ON 

aN 

aN 
M 

aN 
aN 
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M 
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aN 
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aN 
M 
0’8Z 
aN 

VN 
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aN 
M 
ON 
aN 
(1N 

Elb, 

(1N 
I 0-t 

M 
aN 
aN 

VN 

aN 
aN 

M 
aN 
(1N 
aN 
aN 
M 
M 
aN 
aN 

, 07 
O’IC 
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VN 
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aN 
aN 
aN 
aN 
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, O-OIZ 
ON 
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VN 
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ANALYTICAL RESULTS 
WI-E I: 01.D LANDFILL 

~;ROUND\VAT-EH 

c4urium 
Jmium 
iks 
odium 

ndum 
inc 

ymida 

ND 
NV 

,040 
ND 

64 
7J9wo 

ND 
NIB 
N” 

1o9co0 
ND 

40403 0 
7,700 

NV 
ND 

1910 0 
NV 
NV 

346&l 0 
10 
ND 
ml 
ND 

I 

Nu 
NIJ 

,059 
NI) 

47 J 
I6700 0 

N” 
II1 J 
N” 

11m0 
,I J 

417000 
70900 

ND 
ND 

4OwO 
ND 
ND 

467000 
ND 
ND 
I41 J 

ND 

904 

NV 
NV 

91 I 
NV 
12 

16200 0 
ND 
117 
ml 

,1100 0 
ND 

44,WO 
6860 0 

NV 
ND 

4,200 
NV 
ND 

57100 0 
ND 
ND 
ND 
ND 

I-Gw~l I-GW.lD 
A”fi.9, A”B.9, 

91, J ,160 J 
ND NV 
ND NV 

II,0 ,150 
ND NV 
ND ND 

,O1OOOO IDwxylO 

ND NJ> 
19, 164 
NV NV 

2JOOOO J 24loOO J 
ND I2 J 

,940O 0 59100 0 
7J,O 0 7410 0 

ND NV 
ND ND 

1240 0 IJIOO 
ND ND 
ND ND 

63100 0 647000 
ND NV 
ND ND 

71 NV 

NV ND 

I m-1 
Jul.94 -- 

,7,0 
ND 
ND 

,200 
ND 
NV 

,,*a)0 
m) 

96 
116 

J66WO 
mJ 

16700 0 
,190 0 

ND 
ND 

44400 
NV 
NV 

J16COO 
No 

I, 

IGWID 
MU-94 

I4av.J 
A”‘.94 

,*I0 
NV 
Nn 

,110 
ND 
ml 

176ca 0 

46 
7, 
JP 

17JooO 
I, 

16100 0 
6,,0 0 

ND 
II 1 

J1500 
ND 
ND 

,I70 
N” 
No 

,110 
NU 
ND 

:7,m 0 
6, 
94 

22 4 
17x00 

2, 
,6,000 
6,,00 

ND 
121 

1,200 
ND 
ND 

I.Gw.1 ,Gw.,D 
Jw 94 Jm.94 

It-40 462 0 
mJ Nu 
ml ND 

,060 l,JO 
rn) ND 
ND ND 

7,lcmO ,020o 0 

ND ND 
97. 109 

I77 ,I I 
JHC.30 J 15CC-30 J 

I2 NV 
JJXOO ,91aJ 0 

,940 0 6J700 
ND ND 

80 74 
I”0 0 4010 0 

ND NV 
ND NV 

,650 
t.?) 
ND 

II,0 
0 !O 
h-, 

112000 
,6 

I,6 
II, 

II9030 
No 

4,JocO 
697CO 

N7 
il 

50X0 
:6 J 

Nu 
464000 J 04000 J 49mo J JoSmO J ,,*000 

ND ND ND ND t.D 
ND ND 70 72 ‘7 

IJ20 J 20 96 ,110 J ,400 J 4! 5 

ND ND I90 ND ND tm 

,KiW.,F 
Vc-94 -_ 

577 J 
ND 

27 J 
lo90 

ml 
t.m 

9l,OOO 

Nu 
IO I 

J2 
2UCl30 

ND 
,Olrn 0 

7,ro 0 

ND 
ND 

11900 

,740 
NV 
ND 

,010 
ND 
ND 

19Jca 0 

ND 
PI 

II 4 
226000 J 

I, J 
47booo 

6760 0 
NV 
10, 

IJIO 0 

IGW.IF 
k-94 t -- 

MO 
NL7 
ND 
9,7 
ND 
ND 

l764.30 
ND 
99 
46 

2llOOO J 
ml 

46400 0 
Mm 0 

ND 
II I 

,JlOO 

2000 
600 

20 
2000 

JO 
JO 

Jo000 
100 
Jo0 
2,o 

IWO 
10 

Jomo 
I,0 

02 
400 

50000 
1, J ND Nu ND ND 
J: ND ND ND ND 100 

JIWXI J ,49m 0 J9,oO 0 612000 587000 -0 
NC M) ND ND ND IO0 
HI: ND ND m2 No MO 
JII J ,*o ,*2 I9 4 I, 7 200 
HA NV NA NLI NA 100 

“I’,,‘)7 
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ANAI,YI’tCAI, RESULTS 
Sll-L I: Ol.ll IANDRLI, 

CROUNIJ\VA+EH 
II 

I GW-4 
JudJul-PI 

ND 
ND 
ND 
Nu 
w 
4ao 
Nu 
No 
ND 
No 
ND 
ND 
ND 
ND 

NA 

ND 

I GW-4 

&!X 

ND 
ND 
ND 
ND 
ND 

110 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

NW 

No ND 
ND N” 
ND ND 
ND ND 
ND ND 
ND NLI 
NLI ND 
w Ml 
ND NLl 
ND ND 
ND No 
ND Nu 

NA NA 

ND 
9.0 J ND 

ND ND 
ND ND 
ND ND 
ND ND 
w ND 
ND ND 

NLl 
NLI 
ND 
J.0 J 
ND 
I4 0 
ND 
ND 
ND 
VIJ 
No 
ND 
ND 
NLI 

HA 

ND 
J.DJ 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
4&O 
ND 
ND 
pm 
ND 
ND 
ND 
ND 
ND 

NA 

ND 

ND 
No 
ND 
Nu 
NV 
MJ 
ND 

NW 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
Ml 
ND 
ND 
ND 

J.0 J 
N-D 
NW 
NLI 
ND 
ND 
ND 

ND 
NLI 

ND 

hw 
Nu 
ND 
ND 
ND 
ND 
ND 
ND 
Nu 
ND 
ND 
ND 
ND 
Nu 

NA 

ND 
NLI 
ND 
Nu 
ND 

4.0 J 
ND 
ND 
ND 
ND 
ND 
NO 

hQ 
hW 

ND 
ND 
ND 
hQ 
ND 
w 
ND 

NV 
ND. 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 

I.0 I 
ND 
hll 
ND 
w 
ND 

ND 
hQ 

ND 
w 
ND 
NW 
ND 
MJ 
ND 
ND 
w 
ND 
ND 
ND 
ND 
Ml 

NA 

ND 
w 
ND 
ND 
ND 

IO J 
I.0 J 

ND 
ND 
ND 
ND 
ND 

ND 
hT3 

ND 

hD 
hD 
hV 
hD 
hV 
hV 
hD 
hD 
hD 
hD 
hD 
hD 
hD 
hD 

h.4 
‘““II 

10 

100 
100 I 

ND 
ND 

hD 
hD 
hD 
bD 
hD 
hD 
9.D 

7.0 J ND 
ND ND 
hu ND 
ND No 
m ND 
hu ND 

WI ND 
m ND 
m ND 
m ND 
m ND 

ND 
ND 
ND 
ND 
ND 
ND tm 

NV ND 1.0 J 
NV ND ND 

NJ 
bD 

ND ND ND 
ND ND ND 

bD 
bD 

NV ND 
ND ND 

ND 
ND 

FV 
hD 



i 

Ii 
ANALYTICAL RESULTS 
SllC I: OLD LANDFILL R 

GROUNDWATER 

I 

.- 
I -Gw4 IGW.4 Icw4 
A”‘.91 hh.94 In Da.94 

I-cw-4 I-GW-4 
A&W.‘), l”dl”l-91 

,140 1410 
ND ND 
ND ND 

610 6, J 
ND ND 
ND ND 

SWWO 6IlWO 
ND ND 
NQ ND 
NQ ND 
371 I 75.7 
NQ ND 

204000 206000 

,930 I 
ND 
ND 
67 I 
ND 
ND 

6JJoOO 
NV 
ND 
46 I 

112 I 
ND 

I,6000 

l-GW4 
Jul.94 

1760 J 
ND 
ND 
61 I 
Nu 
ND 

66sw 0 
Nu 

1s I 
II4 
ND 

I cw4 
hl.9‘ 

701, 

61 7 
ND 

ml 
Nn ND 

6SO 
hw 
ND 

IWO 
WO 

20 
IWO 

JO 
JO 

Sam0 

ND 
ND 

5460 4660 
ND ND 
m Ml 

12700 1910 0 
m ND 
m ND 

1XKMO 15700 0 
m w 
m ND 
IIS J 197 
m ml 

JSJO 
ND 

1690 
ND 

IIJOOO 

ND 
2360 D 

ND 
NLI 

15400 0 
ND 
ND 
II5 
ND 

IO, 0 
ND 

ND 
619000 

19 
ND 
ND 
570 
ND 

IPMOO 

Ml 
,600O 

mJ 
ND 

176000 
ND 
ND 
41 J 

ND 

1610 
ND 

J9 4 
NT1 
ND 

16100 0 
w 
ND 

5J 
311 J 
ND 

IP,WO 
9J 6 
ND 
ND ND 

1970 0 
ND 
ND 

29,000 J 
ND 
ND 
126 
ND 

Miw.4 
94 ,Yfi 

,%O 
ND 
ND 
610 
0 79 
ND 

647000 
II 

NLJ 
47 

,150 
ND 

2OlW 0 
III 0 

ND 
ND 

17600 
ND 
ND 

117wo 
ND 

2190 0 
ND 
NLI 

102WO J 
ND 
ND 
76 J 

ND 

IGW4F 
.A”p 

6, 1 
ND 
ND 

6001 
0 10 
ND 

~1ocu0 
ND 
44’ 

ND 
lJ4 
ND 

I%wO 
,640 

ND 
ND 

17100 
ND 
ND 

u7000 I 
ND 
ND 
40* J 
NA 

1,lO 
ND 
hD 

604 
01, 
ND 

3JlWO 
ND 
ND 

64 
2J10 

NLI 
Ilao 

I640 
ND 
N-D 

I1100 

ND 
ND 

10700 0 
ND 
ND 

77 
w 

M, I 
ND 
*lJ 

bo6 
ND 
hD 

606ooo 
ND 
ND 
46 

16 7 
ND 

19,000 
2410 

ND 
ND 

2560 0 
ND 
ND 

106ooO 
ND 
ND 
11‘ 
NA 

IGW4 
DccP4 -~ 

,110 
w 
ND 
6, J 
ND 
ND 

60,000 
ND 
ND 
ND 

,110 I 
II I 

IPPDOO 
,110 

ND 
ND 

11500 
w 
ND 

11,w 0 
ND 
ND 
I,6 
Nu 

64lWO 
ND 
ND 
61 

ND 
Nu 

II4000 
,980 

ND 
No 

1980 0 
ND 
Nu 

ND 
11 7 

IJIWO 
ND 
ND 
,JO 
NA 

JmO 
100 
,oo 

w 
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00s 
001 
owoc 
001 
01 
OoaK 
00, 
10 
0‘1 
OmOC 
0, 
0001 
0 It 
004 
001 
OocD( 
06 
OC 
OWZ 
01 
009 
OOOZ 

1ad.z 

UN VN 
111 CLC 
aN UN 
UN GIN 
0 0069z 0 oo)O~ 
UN UN 
UN aN 
OOLIZ OOCIZ 
96 CL 
UN UN 
OMIf 00111 
oumc 0 cmor 
,I UN 
OMI,, OOIO, 
,I UN 
9, ‘09 
UN UN 

aN 
CL 
aN 
II 
0 OoLLl 
UN 
aN 
0 OZIC 
ZOI 
UN 
00161 
OCOILC 
UN 
0 OIPZ 
61 
69 
aN 
000619 
UN 
II 0 
k oc 
UN 
“N 
I 0. 

-iGFi 
6-/A3-I 

aN 
18s 

aN 
aN 
0 OOLOC 
aN 
aN 
OOCLI 
68 
“N 
OO~~I 
0006IC 
aN 
OOt.,.! 
61 
aN 
M 
OcmlCL 
aN 

aN 
96 
UN 
aN 
0 OOSNZ 
al4 
aN 
0 ozrz 
ON 
UN 
OO,,, 
00090, 

I s9 
, OOSl1 
I a, 

6L 
aN 
000‘9L 
UN 
UN 
9 L< 
UN 
ON 

, OC6 

aN 
LOI 
UN 
UN 
0 oow 
C-IN 
ON 
OOOOI 
w 
(IN 
OZTC 
OMlL, 
UN 
0 ,IZ 
,I 
UN 
UN 
0 0091. 
UN 
ON 
I11 
UN 
(IN 
I 9< 

--. 
16.lW”“I 

I ‘IA!7 I 

QN 
L II 
aN 
aN 
0 OCC6L 
aN 
aN 
0 OIIL 
M 
UN 
OOOI 
0 0m.c 
ON 

I oo(c, 
UN 
aN 
at4 
0 o(169 
aN 
(1N 
I I( 
(IN 
ah 
“N 

H3LVA\LINIIOkl!J 
IlIJlINYI (1’10 :I 211’3 
s~msm’IV.x~~‘IYNV 





(II) 

01 
OZ 
OS 
0, 
ooo( 
01 
I 
COX 
0. 
0 
Cl 

VN 
.cOl 
aN 
aN 
omsc~ 
aN 
ati 
00s‘. 

“N 
111 
aN 
aN 
OCUX,.! 

VN 
06 
aN 
aN 
OWl1 
OH 
aN 
OO,LC 

aN 
aN 
0111 
OWS‘, 
at4 
0011 
6I 

aN 
901 
aN 
aN 
OlUU 
aN 
aN 
ool1c 

aN 
aN 
0 WI 
OO?.‘, 
aN 
001SC 
t, 
aN 
aN 
OmCW 
aN 
0‘ 0 
011 
ml 
aN 
OPll 

TG%r 
(lPM!P, 

aN “I1 YN aN aN aN aN aN aN 
‘6 IO,Sl I vs. ,u. 9?9 I tL 01 I 911 I91 

aN 
I19 

ON 
aN 

I OaoMZ 
aN 
aN 

I DOLW 
aN 
aN 

I 0 OLO. 
I ow,c 

aN 
ON 
aN 
aN 
ati 

I 0 aal9l 
(IN 
aN 

IO1S 
UN 
ON 

I 1 s* 

ON 
I *i, 

w 
(6, 

aN an 
aN an 
c mtn I omtrr 
at4 aI4 
ON a.N 
couc OOII. 
GIN aN 
aN (1N 

aN aN aN at4 aN aN ‘IN 
aN aN M aN aN aN aN 

r oooltz OOOWl oaea1 , om,,, I Oooo6l 0 OOOZ~ OWLC 

aN 
aN 
08MNl 

aN 
SC 
00016, 

aI4 
aN 

w 
aN 

aN aN 
aN aN 
O&W OM‘C 
aN aN 
aN aN 

ati 
aN 
OOCC1 
at4 
aN 
OZL, 
ooms, 
aN 

001s1 
19 
aN 
ON 
OWL‘ 
UN 
UN 
9 0‘ 
aN 

aN aN 
aN aN 
0 cwc 0 OS91 
at4 aN 
QN aN 
OS,, 006, 
ODXXI 0 co*t, 
11 aN 
ooc19 OOIU 
011 s9 
at4 GIN 
‘I aN 
OwIct ooar31 
aN aN 
“N ON 

aN 
aN 

aI4 
aN 

0 our 
aN 
aN 
06,l 
OCIX11 
at4 
OOl, 
0‘ 
aN 
aN 
0 cca,, 
aN 
ati 

OCOZ, 

M 
aN 
ot11 
o-9, 
aN 
O,.!, 
aN 

0 010s 

aN 
aN 
0 16s 
000s11 
aN 

I a19c 
ON 
ON 
(1N 
ow111 
0 
UN 

OMCf 
(1N 
(1N 
0 Ml 
0 WLPl 
aN 

‘PP!’ 
&mnu 

aN 
a-i 
064‘ 
OW,, 

I Cl 
I OOl‘, 

0 

,oulmu 
un!“u.l.” 

P 

la.2 

II-V 
lun(luc.*y 

ulnp, 

Y”PP 
U”!,,h 

&I#““. 

aN w 
0 u)*c 0011b 
99 ‘1 

aN at4 
UN aN 
0 cotn 000111 
aN aN 
oc 0 610 
6 0, ,I, 
aN aN 

I 81 
, OS61 

zt 
CN 
CN 
oco99c 
(IN 
ON 
6r) 
(IN 
aN 

1 96, 
aN 
ah 
ah 
ow6st 

M 
aN 

aN 
aN 

M 
aN 

owl) 
aN 
aN 
6 II 
aN 
CLN 
I OS 

M-w 
,*Aw 

0 axl? 
aN 
UN 
I II 
aN 

0-1: 
aN 
aN 

at4 
aN 

0 IL ‘ 9L 
aN aN 

6 Z6 
aN 

IW 
aN 
at4 aN 

I I9 

-izq- 
tm!?, 

aN au 
0111 a-4 

aN aN 
,011, I 09r, 

(IN aN 
0 016 I OS1 

(1N 
, CL9 , OOLI “H tu”“!yI”, 

($d) ‘,,“.am 

-- 

a3 LVA\uNllotl13 
‘I~IIZIUNYI U’IO :I 321s 
Sl’lnS3li’lV3llA’IVNV 

akmxayL _ 
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ANAL~7lCAL RESULTS 
SITE I: 0l.D 1ANDFII.L 

GROUNI)\YA+ER 

I -(iw-7 I -(iw.7” I.clW.7 1 CIW-7 
Apr.91 Apr.91 J”dl”l.9l AUl.91 

140 
HI, 
ND 
ND 
ND 
NU 
ND 
ND 
Nu 
Nu 
ND 
v 

NU 
NU 

NA 

NC 
Nu 
NC 
ND 
ND 
ND 
LO J 

ND 
ND 
ND 
ND 
ND 

17.0 
N” 
ND 
N” 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
7.0 

ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 

I.0 J 
ND 
Nu 
ND 
ND 
ND 

ND 
ND 

Il.0 
ND 
ND 
ND 
ND 

LO I 
ND 
ND 
ND 
ND 
ND 

¶O 
N” 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 

LO J 
Nu 
ND 
Ml 
ND 

Nu 

ND 
ND 

NA 

II.0 
ND 
ND 
100 
ND 
ND 
ND 
ND 
Nu 
ND 
ND 
a0 

ND 
Nu 

NA 

ND 
110 
ND 
NrJ 
ND 
ND 
ND 
Nu 
Nu 
ND 
ND 

ND 

ND 
NV 

NA 

IL.0 
ND 
ND 
ND 
ND 
Nu 
Nu 
ND 
ND 
Nu 
ND 
4.0 I 
ND 
ND 

NA 

Nu 
ND 
ND 
Nu 
ND 
Nu 
Nu 

ND 
4.0 I 

ND 
ND 
ND 

ND 
ND 

Nu 

13.0 I 
Nu 
NV 
ND 
Nu 
ND 
ND 
ND 
ND 
ND 
ND 

50 I 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LO I 
ND 
NV 
ND 

NV 
ND 

ND 

Il.0 
Nu 
NV 
Nu 
w 
ND 
NV 
NV 
Nu 
Nu 
Nu 
10 I 

ND 
ND 

NA 

Nu 
Nu 
Nu 
Nu 
ND 
ND 
Nu 
ND 
ND 
Nu 
Nu 
NV 

ND 
hV 

Il.0 
Nu 
ND 
ND 
ND 
NV 
ND 
ND 
ND. 
NV 
ND 
IP I 

Nu 
ND 

NA 

NV 
ND 
ND 
Nu 
ND 
7.0 I 

Nu 
ND 
ND 
Nu 
Nu 
NV 

Nu 
ND 

ND 

Il.0 
ND 
NJ3 
ND 
ND 
hm 
ND 

hV 
ND 
ND 
Nu 

I.0 I 
ND 
ND 

NV 

N-D 
NV 
ND 
w 
ND 
ND 
ND 
ND 
ND 
Nu 
w 
ND 

ND 
ND 

Ml 

ND 

ND 
ND 
ND 
ND 
ND 
WI 

ND 
ND 
ml 
M 
ND 
hV 

ND 
ND 

No 

I9.0 
ND 
ND 
ND 
Nu 
ND 
NV 
ND 
ND 
ND 
Nu 
60 , 

ND 
Nu 

w 

Nu 
ND 
ND 
ND 
ND 
Nu 
NV 
ND 
6.01 

ND 
hD 
hTI 

hV 
W 

hL7 

10 
IO 
IO 
IO 
IO 
10 
10 
10 
IO 
10 
IO 
IO 
10 
IO 

10 
10 
IO 
IO 
IO 
10 
IO 

0 
01 

I 



--TABLm 1 
ANALi-iICAL RESULTS 
SITE I: OLD lANDFILL 

GROUNDWATER 

--I 1 
I xx-7 ICW-7 ‘-cw.TD IGw.7 
A”6.91 In.9. la-94 t.Iu-9‘ __- 

I Gw.1 I-GW-7 
x AU,.P‘ 

,*10 ICQO 

ND ND 
ND ND 

1010 ‘I I 
ND w 
Nu Nu 

56JWO -0 
w ND 
ND. ml 
66 ,, 

7750 I ,WO 
ND ND 

1,7WO 116WO 
n3 10 
Nu w 
ND 66 

11100 lot0 0 
ND NlJ 
w I‘ 

low0 I 16,000 
ND ND 
ND Nu 

I.4P.T 
A”‘.W 

,x3&-7 
cm 9‘ 

ICW.7F 
od.94 

I Gw-7 
Da.9‘ 

,I,0 
ND 
w 

IOlO 
Nu 
ND 

5olW 0 
ND 
ND 
II 0 

IGW.7F 
Dec.94 

IOJOO 1 71J0 I 
ND ND 

1110 
ND 

ND 
ND 
ND 
IJ6 I 
ND 
NLl 

49lW 0 
ND 
ND 
J9 

16 7 
ND 

17lWO 
1, *  
h?J 
Nu 

l‘700 
hTI 
ND 

l,mo 0 
ND 
ND 
,J, 
NA 

>DL 

a 1000 

w 
Wl 
Nu 

10 
l79WO 

ND 
ND 
ND 

IL‘ 
ND 
Ml 
tre 
hD 

36 
64lWO 

hD 
hD 
hu 

224 
I1 1 

,“W 0 
m 
h-u 
hQ 

1,X0 
hn 
h7l 

1ara 0 
N7 
m 

,J,O 
ND 
ND 
,,‘I 
hD 
Nu 

469CQ 0 
ND 
ND 
15 

16, C 
ND 

164w c 
IIt 
ND 
hD 

,170c 
ND 
Nu 

*wm E 
hQ 
Ho 
I,, 
No 

ND 
Nu 
ND 
,PO 
ND 
Nu 

JO700 0 
ND 
ND 

‘, 
,*a I 

,I I 
10000 

17 I 
No 
Nu 

17100 

IGUI.7 
F&-91 

64, 
No 
Nu 
II 9 
NU 
ND 

16,000 

49coo 
ND 
ND 

17x0 0 
tm 
ND 
94 
Nu 

I -Fw.: 
Apr.‘), 

(76 I 
ND 
ND 

919 
ND 
ND 

60,000 
ND 
ND 

I, 
,190 I 

II I 
115000 

1040 
ND 
ND 

40700 
ND 
ND 

241000 
ND 
ND 
110 I 
ND 

I GW-7u 
Apr.9, 

12) 0 J 
ND 
ND 
91 9 
Nu 
ND 

6OWOO 
ND 
ND 
14 

197 0 I 
ND 

11‘00 0 
1010 

ND 
ND 

4OJO 0 4,100 
ND Nu 
ND Nu 

luaO0 17mo 
ND ND 
ND No 
111 I 4J 
ND ND 

lCW.7 
ldI”l~9, 

9, 6 
Nu 
Nu 
91 7 
ND 
ND 

608W 0 
ND 
NU 
Nn 

!I‘0 
ND 

,‘lW 0 
1080 

ND 
Nu 

619 I 
ND 
Nu 

96‘ 
ND 
Nu 

6,WO0 
Nu 
ND 

JJ 
1170 I 

ND 
1Fiwo 

,,I 0 
Nu 
Nu 

4160 0 
ND 
ND 

172000 
Nu 
ND 
111 
Nu 

Ml Nu 
PI0 96 I 
No w 
ND ND 

J1100 0 604000 
w ND 
Nu Nu 
II I 9J 

1,100 
w 

11‘000 
,010 

Nu 
Nu 

16100 
ND 
Nu 

11,000 
ND 
Nu 

,,I00 
ND 

,510 I 
I5 

316000 IllWO 
IO, 0 JlJ I 

No Nu 
71 Nu 

IlW 0 ,940 0 
ND Nu 

64 5‘ 
11600 16,OO 0 

ND ND 
ND ND 
1‘6 I J4 
ND ND 

110 I 
Nu 

,*oo I 47) I 11 I 
ND ND NA 

*,,oo I 
II I 

lpmo0 
I‘ 1 
ND 
II ‘ 

1.400 
w 
ND 

z,,w 0 
ND 

4, 
11 J 
IJO 

ND 
ND 

I49000 
ND 
Nu 

‘10 

NA 

IO 
100 

xnoo 
100 
JO0 
100 
100 

0‘) 

_” _ ._.- ..l-_..l._. 



ANALYTICAL RESULTS 
SITE I: OLD LANDFILL 

CROUh’DWAlER 

ND 
HD 
ND 
HD 
ND 
ZID 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
IS.0 I 
VD 
UD 
ND 
ND 

ND 
4.0 I 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 
ND 
No 
ND 
NO 
I*, 
NO 
NO 
N” 
ND 
No 
NO 
NO 
No 

HA 

No 
Ito I 
ND 
ND 
ED 
ND 

ND 
MI 

N-0 
ND 
ND 
ND 

N> 
NJ 

NA 

I-GW.6 

-!W?!- 

ND 
ND 
ND 
ND 
ND 

‘690 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Nu 

NA 

ND 
140 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NW 

NA 

, .GW., IFW.6 ICW-I ,GiW.ID 
J”dl”LPI --- L!rrzL lul.94 In-94 - - 

4.0 I 
N” 
ND 
ND 
ND 

1690 
ND 
ND 
NO 
ND 
ND 

ID I 
ND 
ND 

5.0 
ND 
ND 
ND 
ND 

, ,a0 
N” 
ND 
ND 
ND 
ND 

I.0 I 
ND 
ND 

ND 
hw 
ND 
ND 
ND 

6.0 I 
NIJ 
ND 
ND 
N” 
ND 
ND 
ND 
ND 

NA NA 

ND 
I40 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
701 

ND 

ND 
24.0 I 

I.0 I 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

N” 
ND 

NA NA 

NA 

ND 

a0 J 
ND 
ND 
ND 
ND 
ND 
ND 

340 
ND 
ND 

ND 

ND 
NW 

ND 

ND 
NW 
ND 
ND 
ND 
GO 

NIJ 
NW 
NW 
ND 
NW 
ND 
ND 
NW 

NA 

ND 
7.0 I 

ND 
ND 
ND 
ND 
ND 
ND 
1’0 
ND 
ND 
NW 

NV 
ND 

ND 

1.0 I 
NW 
ND 
ND 
ND 

1100 D 
ND 
ND 
ND 
Nu 
ND 
ND 
ND 
ND 

NA 

ND 
1IL 
NW 
ND 
ND 
ND 
ND 

IJJ I 
x.0 

I.0 I 
ND 
ND 

ND 
ND 

LO 

ND 
ND 
ND 
ND 
ND 

1‘01) 
ND 
NW 
ND 
ND 
NW 
ND 
ND 
ND 

LO I 
ND 
ND 
ND 
ND 

I%0 
ND 
NW 
a0 J 

ND 
ND 
ND 
Ml 
ND 

NA ND 

ND 
166 
ND 
ND 
ND 
100 
NW 
LO I hw 

ND 
10.0 
NW 
ND 
NW 
LO I 

ND 

1x0 29 0 
ND NW 
ND ND 
ND hW 

NW hw 
ND ND 

ND ND 

I.0 I 
hll 
ND 
No 
h-0 

110.0 
M 
h3 
NJ 
N3 
Na 
ND 
ND 
ND 

ND 

hu 

W J 
m 
Nl 
m 
40 I 

ND 
hw 
,I0 
hD 
hW 
hW 

Ion 
NW 
NW 
ND 
ND 

llO.0 
ND 
ND 
NW 
ND 
ND 

WI 
I.0 I 

ND 

OS I 

ND 
I IS 
ND 
ND 

IO 
IO 
IO 
JO 
IO 
10 
10 
IO 
10 
IO 
IO 
IO 
IO 
IO 

I 

JO 
10 
IO 
IO 
10 
IO 
IO 
IO 
IO 
10 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

‘0 
‘0 
‘0 
‘0 

0, 
0 0, 

IO 
IO 



TARLE5.10 
ANAL\TICAL RF.SUI.TS 
SITE I: OLD LANDFILL 

CROUKIJWAl tR 

llho 
ND 
ND 

77OOul 
ND 
7J 

ND 
ND 

164~0 

ND 
ND 

JJlopO 
ND 
ND 

In.0 1 
ND 

NO 
ND 
N” 

Ill.4 
ND 
ND 

71JoaD 
ND 
ND 

294 
19sao I 

ND 
4O~W.O 

74690 
ND 

961 
IMAO 

ND 
ND 

11400,0 
ND 
ND 

16$0 I 
ND 

Ia0 1 
ND 
NLJ 

950 
ND 
J.9 I 

9L.6 
ND 
ND 

PI.9 
ND 
ND 

761oOP 79604.0 

11.1 I ND 
IIJ I I17 
ND ND 

I 1700.0 19400.0 
I.1 I ND 

,ooOqO 419cQo 
69x0 67000 

ND ND 
I.1 J ND 

ND ND 
ND ND 

JOl6aO llIca0 
No ND 
6.4 I ND 

72.1 I ‘%9 
ND ND 

1l.y I 
ND 
ND 
91.2 
ND 
ND 

771008 
NLJ 
lO,J 
ND 

141000 I 
ND 

44.4 I 
ND 
ND 
735 
ND 
ND 

66tU%O 
ND 
ND 
ND 

1tw.o 
ND 

J6200* 
34100 

ND 
4.9 

1150.0 

ND 

45.0 I 
ND 
ND 
II.1 
ND 
ND 

616000 
ND 
ND 
ND 

2110.0 
ND 

J46Dao 
1100 

ND 

L-3 
ll,wJ 

ND 
ND 

w 
Ml 
ND 
91J 
ND 
ND 

b76caO 

; 
hQ 

4JOQO 
I4 

,,JCG.O 
J94W 

ND 

16.9 
150.0 

ND 
ND 

I43v~I IGWI 
bm 94 A”6.94 

llP+o I IlW 
Ml hQ 
ND ND 

9Ll 9J.I 
ND ND 
ND ND 

nun47 728040 
ND <I 
IO.7 . I.3 

4a I.3 
lrlcao I IICQO 

ND 1.7 
JP*oqo J11C-W 

6560.0 60100 61640 
ND 
ND 

255M 
ND 
ND 

JO900.6 JlJOO.0 J0,W.O 111046 I 16100.0 I JIIOO,, 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND 

Ill I4J 
7190.6 UGQO 

ND ND 
ND 41 

IX%’ 6D IGW-I 
In-94 vu-94 -- __- 

616&l 
hD 
I!.1 

llaw 
t.D 
hD 

JlpoOO 
hD 
FD 

IJP Jf.2 J J:,I 1 47.5 17.1 J 6U I r.7 
ND ND ND ND ND ND bA 

I TN.1 ICW-IF Id3W.I I&U’.6F 
00 94 on-94 DC-94 Da.94 __ - -- m 

II 

I I LO 
hD 
h-D 
PI1 I 
0.x 
ND 

71lOOC 
NTB 
143 

bi 
142oQc 

4.! 
J69iXl.0 

61100 
ND 
1L’ 

1wQp 
NC 
NC 

lww, 
NC 
Nr 
n2 
Nt 

54.7 
ND 
ND 

PS, I 
ND 
ND 

77mQo 
ND 
10.6 

LJ 
12lDW 

ND 
4OlCO+O 

66140 
hW 
I0.l 

liTa 
MJ 
ND 

I47W.O 
ND 
ND 
11.1 
NA 

14w 
h-D 
ND 
I7.7 
ND 
h-D 

nnrw~ 
ND 
9.4 I 

ND 
941@0 

l.J 
42100.0 

U7M 
ND 
I7 

11140 
ND 
MJ 

J16000 
ND 
ND 

I9J.O J 
ND 

19.1 
ND 
ND 
Ih6 
ND 
ND 

754OOP 
Ia7 
%I J 

MJ 
*160.0 

ND 

JJ900 
ND 
I I.9 

zmw 
ND 
ND 

JOCOW 
Nu 
ND 

I,l.o I 
NA IO0 H 



-- TzBLE3:Il 
ANALVTICAL RFSULTS 
SITE I: OLD IAHDRLL 

I.GW.9 
Feb-‘il 

IV 
Nu 
ND 
w 
ND 

40 
ND 
ND 
ND 
ND 
w 
H” 
ND 
NLI 

NA 

ND 
l9Jl 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
NLJ 
ND 

ND 
ND 

NA 

ICW-9 
APl.91 

I cw.9 
lunlh-91 

IGW.9D 
Juw’Jul-9, 

ICW-9 I m.9 I GW.9 

A!Aull.pI - ___ Jvl 94 Mu.94 
I GW.9 I G-u-9 I-GM.9 
Jm-91 A”& 94 cm.94 

ND 
ND 
ND 
ND 
ND 

IQ0 
ND 
ND 
ND 
ND 
N3 
ND 
ND 
ND 

1 I.0 
ND 
ND 
ND 
NI) 

1640 
ND 
ND 
ND 
ND 
ND 
6.0 

ND 
ND 

11.0 
Nu 
ND 
ND 
ND 

‘690 
ND 
ND 
ND 
ND 
ND 

50 
ND 
ND 

70.0 J 
ND 
ND 
ND 
ND 

loo.0 
ND 
ND 
Ml 
ND 
ND 
17.0 

to J 
ND 

19.0 J 
ND 
ND 
ND 
Ml 
4OD I 
ND 
ND 
ND 
ND 
Ml 

I.0 J 
ND 
ND 

29.0 
ND 
ND 
ND 
MJ 
9lJJ 
ND 
ND 
ND 
No 
NLI 
7.0 J 

NrJ 
ND 

160 
ND 
ND 
ND 
NLJ 
Nu 
ND 
ND 
ND 
ND 
ND 

LO J 
Nu 
ND 

v.0 
ND 
ND 
ND 
ND 
Il.0 
ND 
N-D 
ND. 
ND 
ND 
ILO 
ND 
ND 

7l.O 
NLI 
ND 
ND 
ND 
*7.0 
ND 
NLl 
ND 
ND 
ND 
I4D 
ND 
No 

NA 

Ml 

W 
NJ 
NJ 
ND 
Nu 
ND 
ND 

ND 
ND 
ND 
Ml 

KD 
ND 

HA 

NA 

ND 

NA 

ND 

NA NA NA ND 

2.0 J 

ND 

ND 
1l.C J 260 J 170 
NLI ND ND 
Ml Ml ND 
ND NLI IA J 
ND ND NLI 
ND ID J Ml 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
Ml ND ml 

ND 
‘40 
ND 
NLl 
m 
ND 
ND 
MJ 

9.0 J 
ND 
ND 
No 

ND 
,(A 
ND 
ND 
ND 

I.0 J 

40 J 
20 J 

ND 
ND 
ND 
NLI 

hQ 
40 J 

ND 
ml 
ND 
4.0 J 

ND 
ND 
ND 
ND 
ND 
ND 

LO I LO J 
ND FD 

ND w 
ND M 

9.0 J 9.0 J 
ND No 
49.0 I.0 J 

t.OJ 10 J 
ND ND 
ND ND 
ND w 

ND ND Nn 
tic ND ND 

NA NA NA 

NlJ 
ND 

1.0 

NA 

ND 

190 
ml 
m 
ml 
tm 
ND 
Ml 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND hD 
ND no 

ND ND 

hD 
ND 
hD 
hD 
I10 
m 
ND 
m 
ND 
ND 
u-0 

:O J 
hD 

CnpL 

101 
101 
I01 
‘01 
IO’ 
IO’ 
10’ 
10 
IO’ 
10 
10 
10 
IO 
IO 

I 

10 
IO 
10 
10 
IO 
IO 

IO 
IO 
IO 
10 
IO 
IO 

0 
0‘ 

D 
D 
D 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 



ANAI.YTICAL RESULTS 
SITE I: OLD LANDFILL 

CROUNU\VATEH 

CD 
ND 
990 
ND 
ND 

mow 
ND 
I.1 

ND 
9220.0 J 

ND 
441030 

670&O 
NQ 
ND 

161&O 
ND 
VD 

Illma 
ND 
ND 

191 
till 

91.’ I 
NU 
NT 

w 
ND 

46 J 
751Ow 

K&I J 
215 J 
No 

97m 
No 

416OQO 
59701) 

No 
ill J 

11690 
ND 
ND 

175oao 
NLI 

‘P J 
1020 

ND 

1200 
ND 
ND 

IL5 
ND 
ND 

7,700p 

ND 
lb.9 
ND 

ll7mbO 
ND 

65JOG.0 
577M 

ND 
ND 

167OP 
ND 
ND 

298arO 
ND 
ND 

v 
ND 

IIW 
NO 
ND 

(51 
ND 
ND 

767040 

ND 
III 
w 

I Jan0 
ND 

U90&0 
5710.0 

NU 
ND 

1660.0 
ND 
ND 

lwooo 
ND 
ND 
ND 
ND 

71.J J 
N” 
ND 
x.8 
Nil 
ND 

756m.O 

ND 
11.7 
ND 

57IM J 
ND 

464000 
41140 

ND 
ND 

2520.6 
ND 
ND 

142000 
ND 
ND 

7.5 
ND 

JO9 J 
N” 
ND 
69.4 
ND 
ND 

665040 
ND 
9.6 

ND 
6 100.0 

ND 
195cqo 

UlOD 
ND 

9.1 
llloa 

ND 
ND 

10100.0 
ND 
ND 

7.9 J 
ND 

a11 
ND 

511000 
ND 

64 
5.7 

47208 
ND 

ND 
ND 
IO4 
ND 

lab-9 lxiw.9 
Jm-94 A”,.94 -- 

6%0 J ll4D 

ND ND 
ND hQ 

610 51.6 
ND ND 
ND ND 

6J5rn.O 54lcw 
ND NQ 

9.1 5.4 . 
15 9.6 

mo **no 
ND ND 

16‘m.o JJ6ooJJ 
4,rnJ 165Od 

ND 

L6 J 41.1 J 

ND 

114 

ND 

lJ.7 
u60.0 

ND 

40600 

ND ND 
ND ND 

11tQW J ll5cao 
ND MJ 
ND ND 

lXW.9F 
94 A”, 

Il.4 

JLO 
hQ 
ND 

NA 

5w 
NQ 
NQ 

556000 
ND 
6J 

ND 
161.0 

ND 
,,tOO.0 

76ao 
ND 

II I 
402M 

ND 
ND 

ll- 
ND 
NQ 

1160 
w 
hQ 
41.7 
ND 
ND 

516cwJ 
ND 

51 I 
ND 

J540.0 
LO 

ND 
IL6 

I ml.0 

hQ 
hQ 

ltpmo 
ND 
ND 

MI I 
ND 

1111 
h’u 
h-D 
4I.J 
ND 
ND 

54 IaL0 

ND 
II J 

ND 
10,&O 

Ia5 
JJxx30 

IOJM 
ND 
Ill 

15600 

NT7 
NQ 

171040 J 
ND 
ND 

119.0 I 
NA 

50 
50 

5aoo 
100 
500 I 
15 0 

1000 
10 I 

5woO 
I50 II 
01 

400 
5cmo 

IO 
100 

wmo 
100 
500 
100 
100 II 



--__- Tmrx3mJ 
ANAI,YI-ICAL RESULTS 
SITE I : OLD LANDRLL 

CROiJNDW’ATER 

hlonilwkn~ Well ICW-IO I4W.IO I-(iW-IO I-GW.10 IGW-IO IX%-IO 
Sample V94e Jul.9k Mu.94 Jun.94 Aug.94 Oct.94 Dcc.94 

WK. (pfl.) 
Il.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

40 J 
NU 
ND 

,a* 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
No 
ND 
9.0 J 

ND 
ND 

N” 
ND 
ND 
ND 
N” 
ND 
ND 
ND 
ND 
ND 
1.0 J 

ND 
ND 

110 
ND 
ND 
ND 
ND 
ND 
48 J 

ND 
ND 
ND 
ND 

50 J 

19.0 
ND 
ND 
ND 
ND 
N” 
ND 
ND 
ND 
ND 
ND 

Y J 

19.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I.Zdi&lorobcst- 

2.4dicJliomphmol 
ndwawle 

‘r(l-&ylbnyl)phLJwe B ‘dulylpblbJnu 
‘edkylpbhalmu 
medlylphdlnluo 
8phude4n 
-ni~phenyltine 

IP” 

HA 

ND 
ND 
ND 
MD 
ND 
ND 
ND 
ND 

10.0 
ND 
ND 
ND 

NLl 
ND 

ND 

NA 

ND 
No 
NO 
ND 
ND 
ND 
ND 
No 

140 
ND 
ND 
ND 

ND 
ND 

11 

NA 

ND 
ND 
ND 
ND 
ND 
IJO 
ND 
ND 

I.0 J 
ND 
No 
ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
LO J 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
t0 J 

ND 
ND 

40 J 
ND 
ND 
ND 

ND 

MJJ J 

ND 

ND 
ND 
6.0 J 

ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

IL0 
ND 
ND 
ND 

ND 
ND 

ND 

IO 
JO 
JO 
10 
10 
10 
IO 



OWOS 
001 
01 

omc 
001 
to 
051 
0CW.X 
01 
om, 
OS1 
001 
001 
OOCXX 
05 
0‘ 
OWN 
01 
009 

aN 
uo* I 
aN 
aN 
umxz 
aN 
aN 
O-061 c 
aN 
aN 
re 
OrnIlf 

I 9-z 
I Otlll 

aN 
aN 
aN 
O%CUX 
17 
aN 
1-m 
aN 
aN 
Uo9ol 

aN 
5%9 
aN 
aN 
05X11 
aN 
aN 
00691 

aN 
“N 

I c-e 
aN 
aN 

I 609 

ClN 
aN 

I l-99 

ON 
I 9-H 

aN 
(IN 

roYmo62 
aN 
ON 

aN 
aN 

I 61 
OW9~C 
(1N 

I O-691 
P? 
aN 

ii‘59 
aN 

(1N 
ON 
OkI 

aN 
c-05 
aN 

i&9, 
OH 
aN 
0b6Ot 
aN 
CN 
h 
dco5:oo(,c 
(1N 
OfOL 
ON 
ON 
(IN 
llw?w 
aN 
01% 
r9r 
(IN 

c% 

(IN 
I Ofll 

aN 
a& 
OWSC 
aN 
aN 
OtllSL 
ah 
ah 
971 
OWOIC 
aN 
olll 
5-c 
aN 
aN 
0036‘9 
aN 
aN 

1-a . 
aN 
aw 

, 0’5Zl 

m1vhiawon3 
llL4(INVl a-lo :I 311s 
sl’lnsm lV31L4’1VNV 

rllcKlHY 1 





-TARLETlU 
~__ 

ANAL\TICAL RESULTS 
SITE I: OLD LANDFILL 

GROUNDWAlER 

ND 
JZ1OaO 

m 
ND 
11.1 J 
ND 

I4JO.O 
ND 

ND 

‘V 
0.11 
ND 

23lUM 
ND 
ND 
II,, 

lJ40‘0 
lb 

IlwOO 
63.J 
ND 
ND 

IIJPO 
ND 
ND 

Nil 
16 

‘Id 
NLJ 

ICW.IID I-GW.,, 
Mu.94 Jun.94 

114QO J650 
ND MJ 
NV ND 

‘l-7 ‘9.6 
016 NV 
ND ND 

264XLO ,440oD 

NV ND 
ND NV 
I1.6 6.9 

291bO ‘9la3 J 

IJ NV 
,,JWO lf.‘ay) 

61.7 24.1 
ND ND 
ND ND 

I Ilao 17200 
ND ND 
ND ND 

42lOOD 1910(10 J 
NV ND 

4.0 ND 
39.1 860 J 

ND ND 

I-GW.II 
AuI-9( 

IXTU-IIF 
A”‘.94 

I-.,, 
k-94 

JIJJI 
ND 
ND 
4an 

411 
ND 

lllD3D 

‘P 
ND 

5.6 
719 0 

I.9 

169oao 
Idi 
ND 
ND 

‘-JO 
ND 
NV 

‘10 
ND 
NV 

‘LI 61.1 
NV ND 
ND tm 

I~l@lO 111@l.O 
Ml ND 
NV JJ 

I.9 lb1 
LJ 6110.0 

ND I.0 
Il4oQO 169000 JWO 

*9 I lo90 IJI 
ND OJO ND 0 
NV 64 NV 40 

479po J:l60 J,,Og JmOl 
NV ND ND I’ 
ND ND ND 10’ 

NiJ 
JJJC0.0 I 349060 349008 Jam 

NV N-D ND IO’ 
ND NV JLJ ND Jo 

910 J .a, J 6U a4 51.1 48.9 
_- 
I” 

ND NA ND NA ND NA IO 

hD 
NV 
ND 
44.0 
NV 
NV 

IJXX&O 
ND 
ND 
IL 

ND 
ND 

ncqo 
64 

ND 
ND 

J910.0 
ND 
ND 

,UCQO 
ND 
ND 

170.0 
ND 
ND 
'II 
NV 
NV 

JlCoOp 
ND 
NV’ 
4J 

J750 J 
I.1 J 

16X0.0 
1J 

ND 
ND 

1,10# 
ND 
ND 

1’6CQO 
NV 
NV 

ND 
m 
NV 
‘I.0 
ND 
ND 

JJIW 
ND 
NV 
ND 
NV 

I.1 J 
16703~ 

IJ 

W 
I 

2 
0 



I-----= 
l-mKl3m 

ANAL\TlCAL RESUL’IS 
Ml-F, I : OLD LANDFILL 

CROUNDWAlER 

I.ukJhmhmm 

1.0 I 
ND 
NV 
ND 
ND 
ND 
ND 
YD 
ND 
ND 
HD 
1.0 I 

ND 
ND 

NA 

NV 
ND 
ND 
ND 
NV 
NV 
ND 
NV 

3.0 I 
NV 
ND 
NV 

ND 
NV 

NV 

40 J 
NO 
ND 
ND 
NIJ 
ND 
ND 
EF) 
ND 
Nu 
ND 
IO 

ND 
NV 

NA 

hll 
I.” 
hD 
KD 
hII 
ND 
HD 
ND 
NV 
ND 
ND 
NV 

NV 
ND 

ND 

LO t 
NV 
ND 
ND 
ND 
ND 
NV 
ND 
ND 
NV 
NV 
ND 
ND 
ND 

NA 

Nu 
Nu 
NO 
No 
Ml 
NU 
NC 

1.0 I 

140 
ND 
ND 
ND 

ND 
ND 

ND 

43 I 
NV 
ND 
ID I 

N” 
ND 
ND 
NV 

IO I 
ND 
ND 
I.0 J 

ND 
ND 

ND 

ND 
ND 
ND 
NV 
ND 
ND 
ND 
NV 
Il.0 
ND 
ND 
ND 

Od, J 
ND 

ND 

1D I 
NV 
NV 

IP J 
ND 
ND 
ND 
NV 
NV 
ND 
ND 
10 I 

ND 
ND 

NV 

ND 
ND 
ND 
NV 
ND 
ND 
ND 
ND 
1*0 
ND 
ND 
ND 

ND 
NV 

ND 

4.0 I 
NV 
LO I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
NV 
1.0 I 

ND 
ND 

NA 

NV 
ND 
ND 
ND 
ND 
5.0 J 

Ml 
7.0 I 

ND 
ND 
ND 
NV 

ND 
ND 

ND 

I.0 I 
ND 
ND 
ND 
ND 
ND 
NV 
NV 
ND 
ND 
ND 
I.0 1 

HD 
ND 

ND 

ND 
ND 
MJ 
ND 
NV 
4.0 

ND 
ND 
Il.0 
ND 
ND 
ND 

NV 
ND 

ND 

NV 
ND 
NV 
NV 
1.0 I 

ND 
ND 

NV 

ND 
m 
ND 
M-J 
NV 
LO J 

ND 
ND 
9.0 I 

ND 
Ml 
ND 

ND 
ND 

ND 

10 
IO 

10 
10 

10 
IO 
IO 
10 
IO 
IO 
IO 



ANALYTICAL RESULTS 
SIE I: 0I.D LANDFILL 

CROWDWATER 

Iav.11 
Jul.9, __- 

651.0 , 
ND 
ND 
S7.6 
ND 
ND 

cEm.0 
ND 
ND 

41 
x)5.0 

I.4 
ll4000 

m.0 
ND 
ND 

IOEOQD 
ND 
ND 

1 ,mo 
ND 
ND 
Il.9 J 
ND 

OJ I 
M) 

707oao 
tm 
NJ 
m 

I71rO 
ND 

1I4WO 
IILO 

ND 
ND 

671&O 
ND 
ND 

40207.0 
NJ7 
ND 

Id 
ND 

J*U 
ND 
NIJ 
63.1 
NU 
Nu 

,J%303 

ND 
ND 
4: 

IlOP J 
NU 

I7100.0 
122) 

UC 
m 

59140 
ND 
NT 

.060&O J 
MJ 
ND 

IX.0 J 
ND 

IW 
NL7 
Nu 
%d 
WO 
Ml 

4nooo 
ND 
ND 
Nu 

6140 
Id 

20200.0 
zow 

ND 
9.9 

6SOO~O 

ND 
NT7 

1lmoa 
ND 
ND 

ll4.0 
ND 
NJ7 
5,. 
ND 
ND 

101000 
NV 
ND 
IS5 

4850 
1.1 

I9OCGO 
Iwo 

ND 
ND 

60900 
ND 
ND 

1970&o 
No 
ND 

lGW.llF 14%.IIDF 
&,.94 - 

441 96.9 
ND N” 
ND ND 
47.9 Jo.9 
HI, ml 
NO ND 

167040 ~0100.0 
ND w 
ND ND 
No l.4 

161.0 11 LO 
ND 7.1 

,*7CO.O 19m 
I:z.o 199.0 

ND ND 
ND ND 

5940.0 641&o 
ND ND 
ND ND 

119000 J Iowa0 I 
ND ND 
ND Ml 

ND 
294cao 

ND 
ND 

ND 
11.0 
ND 
ND 

474wA 
ND 
ND 
hQ 

INO J 
I.4 J 

lRU3.0 
109.0 

hQ 
hW 

~1000 
J.t 

NlJ 
1670&O 

ND 

ND 
JIxao 

ND 
ND ND 

lm 
m 
l.D 

IO.0 J 
I., J 

16900 
IC5.0 

h-L7 
hll 

50x&o 
hD 
hD 

16OZO.D 
h-D 

ICJ.0 J Ilao J 67.9 J 6L9 J II!43 45.8 11.0 ,*a 
ND ND NA HA ND NA ND w 

6%) 
NLl 
ND 
47.J 
ND 
ND 

4FmoD 
ND 
ND. 

3.3 
so.1 
ND 

1‘Jw.o 
107.0 

ND 
ND 

Jl>olo 
ND 

Ixx.II 
Dec.94 

141 
w 

hV Jm 
366000 ,61WO 

tm ND 
ND ND 
I1.l IsA 
N, NA 

IWO 
10 

)a40 
I50 

07 
.OO 

xmo 
10 

IO0 
5cmlo 

100 
SO0 P 
200 
100 

I 

(20 
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ANAI.YTICAL RFsULTS 

II SNEI: OLD IANDFILL 
CROU~DWATER 

LO I 
ED 
Ml 
Ml 
ND 
Ml 
NQ 
Ml 
ND 
ND 
ND 
ml 
ND 
ND 

HA 

ND 
ND 
nLl 
ND 
ND 
ND 
Nu 
Nu 
u,J 
NLI 
NQ 
ND 

ND 
ml 

t1 

I.@ I 
N” 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
9.0 I 

ND 
ND 
No 

ND 
ND 

ND 

611 I 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
40 J 

ND 
NQ 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

I.0 I 
ND 
Nu 
Nu 
ND 
ND 
ND 

NQ 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ml 
ND 
10 I 

ND 
ND 
ND 

N” 
ND 

ND 

1.0 I 
ND 

40 J 
IO I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 
ND 
ND 
ND 
ND 
IL0 
ND 
ND 
IO.0 I 
ND 
ND 
ND 

ND 
ND 

ND 

3.0 I 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IO 
10 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
10 
IO 

ND 
Nu 
Nu 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
IhO I 
ND 
ND 
I&o 
ND 
ND 
ND 

ND 
ND 

ND 

IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IC 
IC 
IC 

0 

0 
0 
0 
0 
0 
0 
0 

‘0 
0 
0 
0 
0 

‘0 

0 

10 
10 
IO 
ro 
ro 
IO 
IO 
IO 
ION 
10 
IO 
IO 

,I 
0, 

10 
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ANALYTICAL RESULTS 
SllE I: OLD IAANDFILL 

GKOUtiD\VATER 

M.nit.win* w+,, 

1150.0 I 
ND 
HD 
II 9 
HD 
ND 

70340 
14.0 

ND 
a7 

II4030 
15.7 

26JW 
ImA 

ND 
I II.0 

6JlM 
ml 
tm 

nuoa 
ND 

u 
ll8$ I 

ND 

1lOJ 
ND 
ND 

69J 
&I4 
Nil 

517040 

Ihl 
ND 
IO1 

76100 
2.1 

1440&7 

160 
ND 

141 
76109 

ND 
ND 

185Oao 
ND 
ND 

166 
ND 

ll4.0 I 
ND 
ND 
67.0 
ND 
NU 

55100.0 

1.5 
ND 
1.7 

6210.0 
ND 

15loop 
lOlOP 

ND 
ND 

51700 
ND 
ND 

t5mao I 
ND 
ND 
IO.9 I 
ND 

116~3 
N” 
ND 

76.7 
0.11 
Nu 

54m0.0 
a.1 

ND 
I0.V 

8,100 
16 

157cao 
lMo.0 

ND 

IL2 
61508 

No 
ND 

25800.0 
ND 
ND 

ICW-IIF 
&‘.9’ - 

761 
ND 
NLI 

61dl 
ND 
ND 

5m0,o 
ND 
ND 
ND 

5llO.O 
ND 

25lcQ.O 
1020.0 

ND 
ND 

6170.0 
ND 
ND 

I,&0 
ND 
NLI 
76.2 
ND 
NLI 

51lWJ.O 
u.0 
ND 
174 

6590 0 

14 
1rcco.o 

934.0 
ND 
15.1 

57640 
ND 
ND 

257040 I 111000 
ND NLI 
ND ND 

96.9 J 71.6 I lOl.0 
ND NA ND 

ND 
ND 
ND 
53.6 
ND 
ND 

‘96ooo 
No 
ND 
NL7 

417&O 
ND 

111W 
ULO 

ND 
ND 

55140 
ND 
ND 

26030.0 
ND 
NV 
ND 
NA 

IGW~IIF 
Da.91 

41.1 
ND 
NV 
6Ll 
ND 
ND 

5110&O 
ND 
ND. 
m 

n7%0 I 
I.0 I 

15IaM 
nl.0 

ND 
NLI 

5710.0 
ND 
ND 

l7802.0 
Fro 
ND 
9.1 

NA 

Xx!! 

lot 
6c 

1 
,a 

5 

5m 
I( 
x 
21 

lot 

5ax 
I! 

u 
5aa 

If 

IO 
IO 
‘0 
10 
DO 
b0 
IO 
IO 
IO 
b0 
IO 

0 
,O 
i0 
II 

10 
IO 
IO 
IO 
,O 
10 
,O 
>O 
10 
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ANALYI-ICAL HESULTS 
SITE I: 01.1) IANDFILL 

SURFACE WATER 

Sample 
Sample Dale 

I’ocs wu 
.2-dichlorocthcne (total) 
Icelone 
nomodichloromcthanc 
:arbon disulfidc 
:hlorobenzcnc 
:hloroform 
:thylbcnzcnc 
ncthylcne chloride 
etrachloroethcnc 
olucne 
richloroethcne 
vinyl chloride 
rylencs (total) 

DNAs (P@) 
I .4-dichlorobenzene 
2-chlorophcnol 
2-mcthylnaphthalcnc 
2-methylphenol 
acenaphthene 
acenaphlhylcne 
anlhracene 
bis(2-elhylhcxyl)phlhalate 
chryscnc 
dibcnzofuran 
diclhylphthalatc 
lluoranthcne 
lluorene 
naphthalenc 
phenanthrcnc 
phenol 
~pyrcnc 

1’1 -SW-3 1’1 -SW-3 
Fcb-9 1 Aug-9 I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

5.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI-SW-4 
Fcb-9 I 

ND 
ND 
ND 
ND 
20 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I’I.SW-4 
Aug-9 I 

ND 
ND 
ND 
ND 
ND 
ND 

I.0 J 
ND 

I.0 J 
1.0 J 
I.0 J 

ND 
2.0 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI-SW-S 
Feb.91 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI -SW-5 
Aug.9 I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
20 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI -SW-6 
Fcb-?l 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
MD 
VD 
\1D 
ND 
UD 

VD 
VD 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI.SW-6 
Aug.9 I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
2.0 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI -SW-7 
Feb.91 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NI) 
ND 

4300 I’ 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

rl-SW-7 
Aug.91 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I.0 J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NI) 
ND 
ND 
ND 
ND 
ND 
ND 
NI) 
ND 

CRQL 

IO. 
IO 
IO. 
IC. 
IC 
IO. 
ia. 
IO. 
IO. 
IQ. 
IG. 
IO. 
IO. 

IO 
I0 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
10 
10 
IO 
IO 
IO 

* This result is from a reanalysis of samples collcctcd in ApriiTm4. 
-- 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

--I 

(1) 08/l 3t97 



c----- 

TABLE J-II 
ANALYTICAL RESULTS 
SITE I: OLD LANDFILL 

SURFACE WATER 

Sample 
Sample Dale 

I’cslicidcs/PCl~s (pg/L) 
4,4’-DIJD 
4,4’-DlX 
4,4’-DDT 
cndosulfan sulfate 
endrin 
mcthoxychlor 

II TFIIC (mg/L) 

lnorganics &IL) 
aluminum 
antimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 
copper 
iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
silver 
sodium 
vanadium 
zinc 

I’1 -SW-3 
Fcb-9 I 

ND 
ND 
ND 
ND 
ND 
ND 

NA NA NA NA NA NA NA NA NA NA I. 

ND 213.0 208.0 5610.0 ND 278.0 95 7 540.0 I100.0 144.0 206. 
ND ND ND ND ND ND ND ND ND ND 60. 
ND ND ND ND ND ND 21 J ND ND ND 2 
31.9 41.9 31.3 108.0 27.4 24.2 26 2 30.4 53 2 51 2 200 
ND ND ND ND ND ND ND ND ND ND 5 
ND ND ND ND ND ND ND ND ND ND 5 

16200.0 22300.0 57000.0 63600.0 57 loo.0 59000.0 35200.0 33300.0 25690.0 28900.0 5000. 
ND ND ND ND ND ND ND ND IO 3 ND IO. 
ND ND ND 31.4 ND 11.5 J ND 13.7 ND 9.1 50 
ND ND ND 5.1 ND ND ND ND ND ND 25. 
37.7 J 315.0 3060.0 J 48400.0 361.0 J 652.0 289.0 J 811.0 3650.0 J I300.0 loo 
ND 3.6 J 2.9 28.1 ND 4.3 I I 1.8 J 98 I .6 1. 

5830.0 7880.0 I 1800.0 14400.0 12400.0 1270.0 lI500.0 12600.0 10700 0 I21000 5000. 
6.0 39.7 784.0 2690 0 308.0 96.2 56 4 56.1 86 9 173 0 I5 

ND ND ND ND ND ND VD ND ND ND 0 
ND ND ND ND ND ND VD ND ND ND 40 

1230.0 1740.0 2450.0 4570 0 2430.0 3100.0 16100 2700 0 1730.0 19700 5ooo 
ND ND ND ND ND ND ND ND ND ND IO. 
ND ND ND ND ND ND ND ND ND ND IO 

9910.0 I 1200.0 17500.0 18500.0 2 1600.0 22 loo.0 20800 0 22500 0 I6000 0 I5400 0 5000 
ND ND ND 28.9 ND 13.0 ND I I.0 ND 96 50 

4.1 5.8 J ND 60 4 9.0 7.5 15 7 7.6 ND 20.0 20 

PI -SW-3 
Aug-91 

ND 
ND 
NU 
ND 
ND 
ND 

PI-SW-4 
Feb-9 I 

ND 
ND 
ND 
ND 
ND 
ND 

PI-SW-4 
Aug-9 I 

ND 
Nil 
ND 
ND 
ND 
ND 

PI-SW-5 
Fcb-9 I 

ND 
NI) 
ND 
ND 
ND 
ND 

PI-SW-5 
Aug.9 I 

ND 
ND 
ND 

. ND 
ND 
ND 

PI -SW6 
Fcb-FI 

NI) 
ND 
ND 
ND 
ND 
ND 

I’1 SW-6 
Aug-91 - 

ND 
ND 
ND 
ND 
ND 
ND 

PI-SW-7 
Fcb-91 

PI-SW-7 
Aug.91 

CHQIJ 
CHDL 

ND ND 0 
ND ND 0. 
ND ND 0 
ND ND 0 
ND ND 0. 
ND ND 0. 



TABLE 3-l I 
hNALYt-ICAL HFSULTS 
SII‘E I: 0l.D LANDFILL 

SUKFACE \VATEK 

I il 
Sample 

Sample Date 
‘TVOCS (pgll,) 

1 I ,2-dichlorocrhcne (total) 
r acclone 

bromodichtoromclhanc 
carbon disulBdc 
chlorobcnzcne 
chloroform 
c(hytbcnzenc 
mclhylcnc chloride 
lctrachloroethcnc 
tolucne 
trichloroclhcnc 
vinyl chloride 
xylcncs (total) 

PI-SW-8 
Fcb-9 I 

PI-SW-8 
I Aug-9 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I’1 -SW-9 
Fcb-9 I 

PI-SW-9 
AJg-9 t 

PI-SW-9D 
Aug-91 - 

ND 
ND 
ND 
ND 
ND 

I.0 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PI-SW-IO 
Feb.9 I 

PI-SW-IO 
Aug-91 

PI-SW-I I 
Ftb-9 I 

PI -SW-I ID 
Feb.91 

rt-sw-t I 
Aq-9 I CRQL 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

70 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

I.0 J 
ND 
ND 

I.0 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
I I.0 
ND 
ND 
20.0 
ND 
ND 
61.0 

VI) 
VI) 
ND 
ND 
ND 
ND 
160 
ND 
ND 
60.0 
ND 
ND 

124.0 

100 
ND 
ND 

70 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I5 0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.0 J 
ND 
ND 

80 
ND 
ND 

290.0 J 
ND 
ND 
ND 
ND 
ND 
ND 

I.0 J 
ND 
ND 

100 
100 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
IO.0 
10.0 
10.0 
100 

to.0 
10.0 
to.0 
too 
to.0 
10.0 
100 
10.0 
too 
IO.0 
100 
IO.0 
10.0 
IO0 
100 
to 0 
100 

BNAa (~194 
1,4-dichlorobenzcnc 
2-chlorophcnol 

w 
I 2-mcthylnaphlhatcnc 

P 
2-melhylphcnol 

U acenaphthcnc 
acenaphlhytcne 
antJrraccne 
bis(2tlhylhexyl)phthalate 
chryscnc 
dibcnzofuran 
dicUrylphthalarc 
tluoranthcnc 
lluorcnc 
naphthalcnc 
phcnanlhrenc 

z phenol 
Z pyrcnc ; 

ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND 20.0 ND ND ND ND 
ND ND ND ND ND I.0 J ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND 3.0 J ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND 80 J 20 J ND ND ND 
ND ND ND ND ND ND 3.0 J ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND 4.0 J 100 J ND ND ND 
ND ND ND ND NI) 60 J ND ND ND ND 
ND ND ND ND ND 50 J ND ND ND ND 

(3) 08/t 3t91 



Sample 
Sample Dale 

‘cslicidcs/l’CIIs (pg/l,) 
1.4'~LNm 
1,4'-DIE 
1,4'-DI>T 
:ndosulh sulfalc 
mdrin 
nethoxyclh 

mic (mg/l,) 

lnorganics (pg/L) 
aluminum 
inlimony 
Yscnic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 

WPP= 
iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
silver 
sodium 
vanadium 
zinc 

PI-SW-8 
Feb.9 I 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

418.0 
ND 
ND 
36.8 
ND 
ND 

27300.0 
ND 
ND 
ND 
69.8 I 
ND 

I I100.0 
36.4 
ND 
ND 

1420.0 
ND 
ND 

15800.0 
ND 
13.8 

PI-SW-8 
hug-9 I 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

1066.0 
58.7 
ND 
43.2 
ND 
ND 

30000.0 
ND 
13.2 J 
ND 

1270.0 
8.0 

12900.0 
60.1 
0.20 
ND 

2170.0 
ND 
ND 

I5500.0 
12.8 
Il.5 

I’l-SW-9 
Fcb-91 

ND 
ND 
ND 
ND 
ND 
NT) 

NA 

93.8 
ND 
ND 
36.7 
ND 
ND 

26700.0 
ND 
ND 
ND 

169.0 J 
I.1 

10700.0 
23.8 
ND 
ND 

1490.0 
ND 
ND 

15600.0 
ND 
I I.5 

PI.SW-9 
Aug.91 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

492.0 
ND 
ND 
50.1 
ND 
ND 

!4900.0 
ND 
IS.2 J 
ND 

609.0 
I I 

138000 
71.3 
ND 
ND 

3300.0 
ND 
ND 

2 1500.0 
12.9 
100 

r I -SW-91) 
hug-91 

ND 
ND 
ND 
ND 
ND 
ND 

Nh 

3620.0 
ND 
ND 
80.5 
ND 
ND 

34800.0 
ND 

9.3 I 
I I.0 

5730.0 
14.5 

14400.0 
368.0 

0.24 
22.2 

2700.0 J 
ND 
ND 

21l000 
14.1 
46 5 

PI-SW-IO 
Fcb-9 I 

019 
0.30 
ND 

. ND 
NU 
ND 

NA 

1090.0 
ND 
ND 
32.9 
ND 
ND 

I1500.0 
ND 
ND 
12.8 

4850.0 J 
III.0 

4810.0 
222.0 

ND 
ND 

37100 
ND 
ND 

976.0 
NV 
72.4 

PI-SH-IO 
hug-9 I -- 

ND 
ND 
ND 
ND 
ND 
ND 

?1A 

10’0.0 
ND 
YD 
84.3 
ND 
ND 

23400.0 
ND 
12.8 
55.0 

11700.0 
17500 
711mo 

3w.o 
ND 
24 a 

9110.0 
ND 
ND 

I2900 
218 

8D80 

PI-SW-I I 
Fcb-9 I 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

5040.0 
ND 

4.5 J 
120.0 

ND 
7.7 

566100.0 
17.0 
61.2 
25.1 

58500.0 J 
33.8 

234000 
719.0 

ND 
19.7 

37400 
ND 
ND 

iO300.0 
20.8 

107.0 J 

ANALVTICAL RESULTS 
SITE I: OLD LANDFII.1, 

SURFACE WATER 

PI-SW-I ID 
Fcb-91 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

22700.0 
ND 

8.6 J 
502.0 

ND 
25.4 

10100.0 
62.2 

169.0 
II5 0 

168000.0 J 
III.0 

345000 
29600 

ND 
78.1 

8580.0 
ND 
ND 

212000 
87.5 

477.0 J 

PI-SW-I I 
Aug-91 

ND 
ND 
ND 
ND 
ND 
ND 

NA 

653000 
ND 
22 4 

1080 0 
76 

ND 
156000 0 

201 .o 
363 0 
216.0 

449000.0 
656.0 

52900.0 
5800 0 

0.81 
277.0 

141000 
ND 
ND 

234000 
3220 

15700 

CROI/ 
CHDL 

0. I 
01 
0.1 
0.1 
01 
05 

I.0 

200.0 
60.0 

20 
200 0 

50 
50 

5000.0 
100 
50.0 
25.0 

100.0 
IO 

5000 0 
IS.0 

02 
40.0 

5ooO.O 
10.0 
10.0 

5000.0 
50 0 
200 

(4) OR.‘1 3f97 



0000000000000 
00000000000000000 

-1 00000000dd00d 
ddddddoooOdddoddo 

-------I----- 
c 



TABLE 3-t I 
ANALYTICAL RESULTS 
SITE 1: OLD LANDFILL 

SUKFACE WATEK 
I 
II 

Sample 
Sample Date 

PcslicidcslPCBs (pg/L) 
4.4’-DDD 
4,4,-DDE 
4,4’-DDT 
cndosulfan sulfate 
endrin 
mcthoxychlor 

II TFllC (mg/L) 1.7 ND ND ND ND ND ND ND ND ND 10 

Inorgrnics (pg/L) 
aluminum 
antimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 

‘Al 
, cobalt 

z WPpe’ 
0 iron 

lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
silver 
sodium 
vanadium 
zinc 

I -SW-4 
Fcb-94 

ND 
ND 
ND 
ND 
ND 
ND 

2170.0 39200.0 60.3 53.7 2310.0 
ND ND ND ND ND 
ND 2.6 J ND ND ND 

156.0 605.0 39.3 38.1 433.0 
0.16 3.7 ND 0.16 1.6 
ND ND ND ND ND 

59300.0 44400.0 67500.0 71700.0 83500.0 
7.4 36.0 ND ND 39.1 

15.8 65.2 3.1 3.1 1200 
15.8 96.6 2.7 3.8 118.0 

34200.0 J 158000.0 21900.0 I?400.0 709000.0 
2s.2 179.0 ND ND 4.9 

20200.0 22400.0 16800.0 17900.0 16400.0 
3950.0 9270.0 2880.0 2950.0 4930.0 

ND 0.16 ND ND ND 
Il.4 53.5 ND ND 119.0 

6110.0 6480.0 2770.0 ND 2500.0 
ND ND ND ND ND 
ND ND ND ND ND 

22800.0 20000.0 I8000 0 19300.0 19100.0 
12.6 96.6 ND ND 417 

182.0 J 183.0 J ND ND ND 

I-SW-4 
AUK-94 

ND 
ND 
ND 
ND 
ND 
ND 

I -SW-7 
Fcb-94 

ND 
ND 
ND 
ND 
ND 
ND 

I -SW-7D 
Fcb-94 

ND 
ND 
ND 
ND 
ND 
ND 

I -SW-7 
Aug-94 

ND 
ND 
ND 
ND 
ND 
ND 

I -SW-8 
Fcb-94 

I -SW.8 
Aug.94 

ND 
ND 
ND 

. ND 
ND 
ND 

081 
018 
011 
ND 
ND 
ND 

15100.0 399000.0 
ND ND 

7.5 44.7 
250.0 2540 0 

2.0 40 5 
ND 21.1 

46300 0 133OaIo 
25 0 532 0 
71.2 749 0 
82.5 950.0 

239ooO.O 833Mx) 0 
66.4 J 13600 

15800.0 121ooo.0 
5260.0 I5600 0 

0.28 ND 
66 8 614 0 

4870 0 603CO 0 
ND 22.4 J 
ND ND 

12200.0 2sOco.o 
71.8 11300 
98.7 2980 0 

I-SW-IO 
Fc>-94 

I-SW-IO 
Aug-94 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

I I I.0 2110.0 
ND ND 
ND 2.2 
31.5 41 8 
ND 0.20 
ND ND 

2bOOO0 28700 0 
ND 30 
ND ND 
ND 4.9 
94.6 3490 0 
ND 85 J 

9740.0 91800 
35.7 1830 
ND ND 
ND 3.5 
ND 34100 
ND ND 
ND ND 

lWOOO 18700.0 
ND 90 

3.9 1580 J 

I-SW-I I 
Aug-94 

ND 
ND 
ND 
ND 
ND 
ND 

94.9 200 0 
ND 600 
ND 20 
30.7 2000 
ND SO 
ND SO 

33000 0 50000 
ND 100 
ND 500 
ND 2so 

127.0 1000 
I.2 IO 

117000 5000 0 
8.5 150 

ND 02 
ND 400 

2510.0 50000 
ND IO.0 
ND 100 

20200.0 50000 
ND 500 

CHQU 
CKDL 

01 
01 
01 
0. I 
01 
OS 

249 J 200 
II 

(6) 
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TAnLE 3-I I 
AYAL\-TICAl, RESlJLTS 
SIIE I: 01.1) I.Ah’l)Ftl,L 

Sllf~F,~cE \\‘A7 Eli 

___-- -- __- 

Snmplc 
Sample Date 

pcslicidcs/PCBs @g/L) 
4.4’DDD 
4.4’-DDIZ 
4,4’-DDT 
endosulfan sulfate 
endrin 
methoxychlor 

TIWC (mg/L) 

lnorgrnics (pg/L) 
aluminum 
~anlimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 

copper 
iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
silver 
sodium 
vanadium 
zinc 

I-SW-13 l-SW-13 
Fcb-Y4 Aug.94 

ND 
NV 
NV 
ND 
ND 
ND 

ND 
NO 
NV 
NI) 
ND 
ND 

NV 

85.1 
ND 
ND 
29.8 
ND 
ND 

24400.0 
ND 
ND 
ND 
67.1 

W 
9240.0 

32.3 
ND 
ND 
ND 
ND 
ND 

13300.0 
ND 

4.1 

ND 

9s 4 
ND 
ND 
31.5 
ND 
ND 

33200.0 
ND 
ND 
ND 

127.0 
38 

I 1700.0 
86 

ND 
NII 

2300 0 
ND 
ND 

153000 
ND 

I-SW-131) 
-Aug-94 

NV 
NV 
NV 
ND 
ND 
0.31 J 

ND 

2120 
ND 
ND 
36 3 
ND 
ND 

27500.0 
ND 
ND 
ND 

394 0 
2.4 

10300.0 
23 6 
ND 
ND 

2220 0 
ND 
ND 

I4900 0 
ND 

249 J 30.4 J 

I-SW-14 
Aug-94 

NV 
NV 
ND 
ND 
ND 
ND 

I-SW- I6 
Feb.94 __- 

NV 
ND 
ND 
NV 
ND 
ND 

ND ND 

4140.0 3340.0 
ND ND 

2.6 J ND 
251.0 107.0 

0.57 0.49 
ND ND 

66500 0 4 1900.0 
19.3 33 
27 6 ND 
29.6 26 8 

51600.0 4880.0 
42.4 16.0 J 

26200.0 I5900 0 
2840 0 88 0 

ND 0 28 
28.6 I3 6 

31700 2S90 0 
ND ND 
NV ND 

24500.0 23400 0 
26.7 I3 7 

1400 J 26 5 

I-SW.16 I-s\v-19 (‘fU)l/ 
Aug.94 -__ Aug.91 CHI)L 

NI) 
NV 
ND 
ND 
ND 
NV 

NV 

118000 
ND 
ND 

187.0 
I.3 

ND 
52600 0 

I7 7 
7.4 

II40 
14300.0 

32 2 
210000 

10100 
ND 
26 I 

4490.0 
20 J 
34 

281000 
25 5 
97 I J 

ND 
NV 
ND 
NV 
ND 
KD 

hD 

879 0 
ND 
ND 
33 0 
NV 
ND 

2680[3 0 
ND 
ND 
N u 

1340 0 
36 

7960 0 
66 6 
ND 
ND 

2720 0 
ND 
ND 

155000 
VI) 
IS 5 

200’ 
60 

28 
200 

5 
5 

so00 
IO 
50 
25 

100 
I 

5000 
I5 

0 
40 

5000 
IO 
IO 

5000 
SO 

(‘3) OR/I 3iY7 

- 
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TABLE 3-12 11 

ANAl,‘17lCAL RESULTS 
SHE I: 01.1) LAh’IJFII.I. 

SEIJI,~IEKr 

Sample 
Snmplc Date 

rslicidts/l’CRs (@kg) 
,4’-DDD 
,4,-DDE 
,4’-DDT 
ldrin 
lpha-chlordane 
amma-chlordane 
cptachlor 
cplachlor cpoxidc 

PI-SD-3 
Feb.91 _-_ 

5.3 J 
II.0 J 

27.0 
ND 
ND 
ND 
ND 
ND 

PI -SlJ-3 I’ I -SD-4 PI SD-4 PI -SD-S 
A*9 I Fcb-91 Aug-91 l‘cb-91 

PI-SD-5 PI -SD-6 
Aug.9 I Feb.91 -~ 

(‘HQIJ 
CRIJL 

ND 
401 

17.0 J 
ND 
ND 
ND 
ND 
ND 

24.0 J 
23.0 J 

1000 
ND 
ND 
ND 
ND 
ND 

24 0 J 
19.0 J 

97.0 
ND 
ND 
ND 
ND 
ND 

20 0 
IS0 
ND 
ND 
ND 
ND 
ND 
ND 

J 
J 

88 0 
340 J 

1400 
ND 
ND 
ND 
ND 
ND 

II 0 J 
II.0 J 

43 0 
ND 
ND 
ND 
ND 
ND 

PI SD-6 
Aue-91 -- 

II 0 J 
89 J 

43 0 
ND 
ND 
ND 
ND 
ND 

“I -SD-7 PI-sly-7 
Fcb-9 I __- Aug-91 - 

2200 c 270 J 
200.0 J 360 J 
440.0 1100 

ND ND 
2800 J 330 J 
4100 J 530 J 

290 J 88 J 
ND ND 

3.3 
3.3 
3.3 
1.7 
1.7 
1.7 
I.7 
I.7 

‘PIIC (mg/kg) NA NA NA NA NA NA NA NA NA NA 50 

norganics (mg/kg) 
luminum 
nlimony 
rscnic 
barium 
wyllium 
admium 
:alcium 
:hromium 
:oball 
;opper 
ron 
Icad 
magnesium 
manganese 
mercury 
nickel 
porassium 
selenium 
sodium 
vanadium 
zinc 
cyanide 

3190.0 2090.0 4570.0 5320.0 
ND 17.9 ND ND 

I.0 0 66 20 I 4 
34.5 25.2 27.5 55.2 
ND ND ND 0.78 
ND ND 21 ND 

81 I.0 837.0 1030 0 12400 
6.8 8.5 18.1 J I25 J 
3.8 6.9 38 17.3 
5.2 3.9 J 12.7 I3 I 

8490.0 J 5940.0 J 18200.0 J 22100.0 
14.3 J 47 30.9 J 88 7 J 

2360.0 2290.0 1770.0 2150.0 J 
264.0 J 258.0 J 3800 J 1320.0 J 

ND ND ND ND 
12.2 14.5 8.1 186 J 

I000.0 692.0 555.0 939.0 
ND ND ND ND 
ND 50.7 76.5 J ND 
12.6 IO.3 21.8 2s 9 
24.8 J 22.9 J 656 J 69.5 
ND ND ND ND 

3070.0 
ND 

I.5 
46.3 
ND 

I5 
11100 

66 
5.1 
6.0 

11400.0 J 
244 J 

14100 
1630.0 J 

ND 
106 

457.0 
ND 
ND 
23.1 
38.0 J 
ND 

3680.0 
ND 
081 
40.6 
064 
ND 

12200 
37.0 J 
Il.9 

8.1 
15200.0 

102.0 J 
14800 J 
17200 J 

ND 
163 J 

334 0 
ND 
ND 
22.0 
29.0 
ND 

3830.0 
ND 
0.94 
304 
ND 

3.1 
10100 

9.0 
37 

16 0 
209600 J 

15.5 J 
3230 0 

8620 J 
ND 
28 8 

499 0 
?JD 
VU 
25 5 
14.7 J 
ND 

2890.0 
ND 
0 88 
53.5 
0.45 
ND 

770 0 
55 J 
94 
77 

3680 0 
24 4 J 

1990 0 J 
11900 J 

0.12 
133 J 

427 0 
ND 
ND 
I3 3 
51 4 
ND 

5450.0 
ND 

I7 
39 9 
ND 
ND 

II500 
Il.7 J 

5.3 
94 

I2400 0 J 
23 3 J 

21700 
2520 J 

0 19 
94 

796 0 
NIJ 
91.0 J 
22 7 
384 J 
NI) 

5390 0 
ND 
0 78 
42 0 
099 
ND 

9960 
144 J 
14 8 
25 0 

184000 
99 

2820 0 
182 0 

ND 
133 J 

992 0 
ND 
ND 
37 6 
24 9 
ND 

40 0 
12 0 
04 

40.0 
I.0 
I .o 

IOKIO 
2.0 

100 
5.0 

20 0 
02 

10300 
30 

D 04 
80 

ICOOO 
20 

ICQOO 
100 

40 
05 

1 

Rackground locarion in bold 
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,iNAI.l’-llCAI. RESULTS 
Sl1 E I: 0I.I) I.ANDFII.L 

SLDJ~IENT 

Sample PI -so-a PI -SD-8 r I -SD-9 
Sample Date Feb-9 I AU&-91 Feb.9 I 

‘cslicides/PCJlr (pg/kg) 
1,4’-1)l)D 
1,4’-DDE 
1,4’-DDT 
rldrin 
dpha-chlordane 
;arnma-chlordane 
leptachlor 
replachlor epoxide 

I‘FJIC (mg/kg) 

lnorgrnics (mg/kg) 
aluminum 
antimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalr 
copper 
iron 
Icad 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
sodium 
vanadium 
zinc 
cyanide 

I 

24.0 
27.0 
85.0 
ND 
19.0 I 
24.0 J 
ND 
ND 

NA 

4080.0 
ND 

I.4 
26.2 
ND 

I.4 
769.0 

a.2 
ND 

8.2 
11900.0 J 

II.1 J 
1760.0 

229.0 J 
ND 

a.7 
549.0 

ND 
ND 
20.4 
38.0 I 
ND 

30.0 J NI) 
26.0 J ND 
60.0 ND 
ND ND 

8.9 J ND 
13.0 J ND 
ND ND 
ND ND 

NA NA 

2590.0 3210 0 
ND ND 

I .o 14 
25.1 25.0 
0.49 ND 
ND ND 

357.0 515 0 
7.2 J 7.9 
7.9 J 28 
5.7 8.7 

6280.0 
78 J 

14100 J 
174.0 J 

0.1 I 
103 J 

432.0 
ND 
ND 
16.0 
184 
ND 

9500.0 J 
I25 J 

15300 
284.0 J 

ND 
6.9 

641 .o 
ND 
ND 
I50 

23.3 J 
NJ) 

r J-SD-9 
Aug-91 

69 J 
5.7 J 

38.0 
ND 
ND 
ND 
ND 
ND 

NA 

2690.0 
ND 
0.62 
23.3 
0.50 
ND 

423 0 
73 J 
87 
47 

7940 0 
7.7 J 

14500 J 
296 0 J 

0.1 I 
10.5 J 

433 0 
ND 
ND 
IQ.5 
20.5 

4.1 

rl -SD-9D 
Aug.91 

PI-SD-IO 
Feb.9 I 

I50 J 
13.0 J 

46.0 J 
ND 
ND 
ND 
ND 
ND 

NA 

4400.0 
ND 
0.82 
35.7 
0.72 
ND 

6460 
II.3 J 
I I.8 

72 
10800 0 

86 J 
41500 J 

425.0 J 
ND 
325 J 

749 0 
ND 
ND 
22 6 
30 8 
ND 

ND 
ND 
ND 

. ND 
ND 
ND 
ND 
ND 

NA 

395.0 
ND 
ND 

23 I .O 
ND 
ND 

1870.0 
6.7 

ND 
I38 

10700 J 
2000 0 

1560 
120 J 
ND 
ND 

135.0 
ND 
ND 
I4 3 
467 J 
NI) 

PI-SISIO PI-SD-I I 
AU&-O I Feb.9 I 

ND 
ND 
ND 
N D 
ND 
ND 
ND 
ND 

BA 

711.0 
33 7 
ND 

239 0 
ND 
N D 

16300 
I4 I 
ND 
49 0 

10700 J 
52100 

247 0 
I20 J 
ND 
73 

ND 
c&l 
ND 
37 a 

I(12 0 J 
ND 

NI) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

8880 0 
ND 
ND 
55 6 
ND 
22 

I2600 
45.9 I 

69 
19.0 

166000 J 
S2 2 J 

b650 0 
1480 J 

ND 
170 

19500 
ND 
79.2 J 
27 6 
52.7 J 
ND 

PI-SDI ID 
Fcb-9 I 

Nil 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

94100 
ND 
091 
66 9 
ND 

21 
15600 

369 J 
99 

23 2 
I80000 J 

81 J 
6420 0 

1560 J 
ND 
I4 3 

2570 0 
ND 

I550 J 
31 0 
555 J 
NIJ 

PI -SD- I I 
hug-91 

Nl) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

9680 0 
ND 
ND 

5150 
33 

ND 
30000 0 

494 J 
89 6 
25 0 

1150000 
3870 J 

63800 J 
56000 J 

NI) 
571 J 

19300 
NI) 

473 0 
68 0 

1860 
ND 

CHQI J 
CHDL -- 

3 
3 
3 
I 
I 
I 
I 
I 

5 

40 
12 
0 

40 
I 
I 

Jooa 
2 

IO 
5 

20 
0 

I one 
3 

01 
8 

IOM 
1 

IOM 
I( 

( 

1 
3 

.3 

.3 

.7 
.7 
.7 
.7 
.7 

.O 

.O 
0 
4 
0 
0 
0 

‘0 
0 

10 
0 

10 
I2 
IO 
10 
D-l 
IO 
10 
!O 
IO 
)O 
IO 
t5 
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Ii======---- TABLE 3-12 -1) 
ANALI’IICAL HEStILTS 
SITF. I: 01.1) I.ANI)FILL 

SEDlhlENT 

SlfllplC 
Sample I)alc 

I’csticidrs/l’Clls (pglkg) 
4.4’-DDD 
4,4,-DDE 
4,4’-DDT 
aldrin 
alpha-chlordane 
gamma-chlordanc 
hcptachlor 
hcplachlor epoxidc 

I -SD-l 
Mar-94 

I-SI)-2 
hlar-94 

I -SI)-3 
Feb-94 

I-SI)-5 
Fcb-94 

I-SD4 
Feb.94 

I -SI>-71) 
Fcb-94 

(‘I(()1 J 
C-H I) 1, 

29.0 J 
39.0 

170.0 
ND 
ND 
ND 
ND 
13.0 J 

20.0 
29.0 

140.0 
ND 
ND 
ND 
ND 
17.0 J 

ND 
ND 
24.0 
ND 
ND 
ND 
ND 
ND 

29 0 
13.0 
120 

4.1 
ND 
ND 
ND 
ND 

320 J 
36 0 
87 0 
ND 
ND 
ND 
ND 
ND 

ND 
28.0 
96 0 
ND 
ND 
ND 
ND 
9.8 J 

I-SI)-1 
l’cb-94 -- _ 

I IO 0 
29 0 
39 0 
ND 
ND 
ND 
ND 
ND 

68 0 
190 
160 
ND 
ND 
ND 
ND 
ND 

I -SI)-R I -SI)-9 
Feb.94 I-cb-94 __- -- 

160 51 J 
II 0 4.5 

89 20 0 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

33 
33 
33 
1.7 
I 7 
I.7 
1.7 
I.7 

II TIWC (mg/kg) 

lnorgrnics (mg/kg) 
aluminum 
antimony 
arsenic 
barium 
beryllium 

J cadmium 
I 
2 calcium 
1, chromium 
” 

cobalt 
copper 
iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
sodium 
vanadium 
zinc 
cyanide 

340.0 250 0 46.0 56 0 200.0 210.0 160.0 I70 0 90.0 110.0 5.0 

5480.0 4780.0 7640.0 49100 2870.0 5980.0 1770.0 I 140.0 3000 0 I 170.0 
ND ND ND ND ND ND ND ND ND ND 
0.71 0.87 I.4 J I.1 IO J 1.4 J 151 2.1 J 088 J ND 
46.2 46.8 88.2 98 5 28.3 65.6 136.0 1120 55 I 37 7 
0.64 0.58 I.1 0.58 0.52 0.7 06 046 047 0 25 
ND ND ND ND ND ND ND ND ND ND 

1450.0 9380.0 5510 0 2160.0 I 150.0 3750.0 5440.0 4460.0 2020.0 660.0 
19.5 Il.7 19 3 33 9.4 13.9 12.9 I I.2 63 48 
12.2 9.5 26.9 15.7 7.4 25.6 40.4 33.6 13 4 5.2 
14.8 16.5 18.0 23.7 10.8 26.7 51.3 42 9 15.4 83 

14800.0 9650.0 24400 0 301000 10800.0 16900.0 208000 0 I76000 0 35600 0 7520 0 
22.4 19.1 85 J 31 I 202 J 568 J 21 I J 17.1 J 163 J 240 J 

4830.0 37100 3020 0 :I 100 I3200 3050.0 660 0 397 0 853 0 1060 0 
553.0 456 0 756.0 J 2290 0 371.0 J 6400 J 32100 J 2240.0 J IS100 J 11700 J 

ND ND I I J ND ND ND hD ND ND ND 
40.2 15.6 I4 I 87 IO 2 24 9 41.5 35.7 II.1 16.9 

93 1 .o ND ND 2000 0 ND 807.0 ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
ND ND 861 .o !360 0 ND 1310.0 ND 2820 0 ND 926.0 
31.6 21.8 34.3 199 18.2 25 2 2% I 20 3 16 7 I2 6 
47.0 33.9 52.2 IO4 0 27.7 119.0 II 4 8 I 22 4 32 2 
ND ND ND ND ND ND ND ND ND ND 

I  I  

40.0 
12.0 
0.4 

40.0 
I.0 
IO 

IOCQO 
20 

IO 0 
5.0 

20 0 
02 

1000 0 
3.0 

a 04 
80 

10000 
20 

10000 
IO 0 
40 
OS 

(6) 
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TALILE 3-12 

ANAI.\l IChL HESlll,7S 
Sll E I: 01.1) I,AKI)FII.I. 

SEI)IfiIENT 

Sample I-SD-IO I-SI)-I I I-SI)-I2 I-W-13 
Sample Date Feb-94 Fcb-94 Feb-94 FCD-94 ~- ___ ____ 

- ___-- __- -----~_-_-___. 
1 

I-SV-I4 I -SV-I 5 I-SI)-17 I -51).I8 
Fcb-94 Fcb-94 Fcb-94 Fcb-94 c 

.i-butanone NI) 
!2-hexanone ND 
acctonc ND 
carbon disullide ND 
chloroform ND 
cthylbcnzene ND 
tetrachloroethene ND 
toluenc ND 
trichloroethcnc NV 
xylcnes (total) ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NV 
NV 
ND 
NV 
NV 
NV 
ND 
ND 
ND 
NV 

ND 
ND 
ND 
ND 

5.0 J 
NV 
ND 
ND 
ND 
ND 

ND 
NV 
ND 
ND 
ND 
ND 
ND 
ND 
8.0 J 

ND 

ND 
ND 
ND 
ND 
NV 
ND 
ND 
ND 
ND 
NV 

I-SI)-16 
Feb.91 ____ 

NL) 
ND 
ND 
ND 
NV 
NV 
30 J 

ND 
90 J 

N D 

NV 
NV 
ND 
ND 
NV 
NV 
ND 
NV 
NV 
NV 

ND 
NV 
ND 
NV 
NV 
NL) 
NV’ 
NV 
NV 
NV 

I,4-dichlorobenzene 
2-methylnaphthalenc 
acenaphthcnc 
acenaphthylene 
anthraccnc 

W 
bcnzo(a)anLhracene 

1 benzo(a)pyrenc --b 
ul benzo(b)lluoranthcnc 
10 bcnzo(ghi)perylene 

benzo(k)lluoranthene 
bis(2-cthylhexyl)phthalate 
butylbenzylphthalatc 
carbazolc 
chrysene 
dibcnz(ah)anthraccne 
di-n-butylphthalate 
di-n-octylphthalate 

_ dibcnzofurarr 

ND 
ND 
NV 
ND 
ND 
61.0 J 
52.0 J 
84.0 J 
32.0 J 
25.0 J 
59.0 J 
ND 
ND 
73.0 J 
ND 
ND 
ND 
ND 

1300.0 
180.0 J 

ND 
48.0 I 
ND 
94.0 
90.0 I 

ND 
ND 
ND 
ND 
44.0 J 

160.0 J 
140.0 J 
190.0 J 

NV 
640 J 
ND 
ND 
ND 

1400 J 
ND 
ND 
ND 
ND 
ND 

3600 J 
ND 
86.0 J 
NV 

230.0 J 
2700 J 

ND 
ND 
31.0 J 
ND 
43.0 J 

170.0 J 
140.0 J 
2400 J 

80.0 J 
67.0 J 
620 J 
NV 
NV 

190.0 J 
35.0 J 
390 J 
NV 
ND 

2500 J 
4400 J 

ND 
1200 J 

ND 
250.0 J 
2400 J 

ND 
1100 J 
1800 J 

ND 
290.0 J 
560.0 
420.0 J 
550 0 
I600 J 
1800 J 

470 J 
NV 

110.0 J 
500 0 

60.0 J 
ND 
ND 
88.0 J 
ND 

1400.0 
230 0 J 
2800 J 
1700 J 

13000 
I2000 

ND 
NV 
ND 
ND 
NV 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NV 
ND 
NV 
NV 
NV 
NL) 
ND 

1200 J 
NL) 
NV 
NV 
NV 

1000 J 

NV 
NV 
ND 
ND 
NV 
ND 
ND 
500 J 
ND 
ND 
530 J 
NV 
NL) 
48.0 J 
ND 
ND 
ND 
NV 
ND 
830 J 
ND 
ND 
ND 
S30 J 
860 J 

ND 
N L) 

1100 J 
ND 

220.0 J 
750 0 
620 0 
880 0 
2300 J 
2SO 0 J 

730 J 
ND 
570 J 

100 0 
1100 J 

ND 
ND 
ND 
YD 

16000 
I!00 J 
4300 J 

NV 
9900 

I200 0 

NV 
NV 
NV 
ND 
970 J 

400.0 J 
290.0 J 
410.0 J 
1400 J 
1600 J 
1800 J 

NV 
NV 

4300 J 
550 J 
ND 
ND 
ND 
ND 

7700 
550 J 

2200 J 
NV 

580 0 
750 0 

ND 
ND 
39.0 J 
NV 
59.0 J 

240.0 J 
180.0 J 
2300 J 

690 J 
980 J 

3100 J 
NV 
NV 

2600 J 
NV 
ND 
NV 
NV 
NV 

4500 J 
NV 

1200 J 
NV 

3200 J 
4500 J 

‘RQI. 

IO 0 
IO 0 
100 
100 
10.0 
100 
:oo 
IO.0 
100 
IO.0 

3JO 0 
310 0 
310 0 
330 0 
3JO 0 
NO 0 
310 0 
330.0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 
330 0 iI pyrene 

(71 08/l 3197 



Sample 
Sample Dale 

rlicidcs/PCRs (pg/kg) 
‘-DUD 
‘-DDE 
‘-DDT 
rin 
lha-chlordanc 
nma-chlordane 
?tachlor 
ptachlor cpoxide 

TF ‘IIC OWW 

InI organics (mg/kg) 
ah rminum 
an limony 
ar! icnic 
ba rium 
be ryllium 
ca dmium 
ca lcium 
ch iromium 
co IbaIt 
c(1 wr 
in an 
Ic ad 
m agncsium 
m angancsc 
m wcury 
ni lckcl 
P’ Jlassium 
St :Icnium 
St odium 
” anadium 
2 inc 
c yanidc 

TAULE 3-12 
ANAL\‘TICAL RESIILTS 
Sll E I : 0I.D LAN1)FII.L 

SEDILIENT 

I-SI)-IO I-SD-I I l-SD-12 I -SD-I 3 
Fcb-94 Fcb-94 Feb-94 Fct-94 

I-SD-14 
Feb.94 -- 

I-SD-15 I-SD.lb I-SD-17 I-SI)-I8 CHQIJ 
Fcb-94 Fcb-94 Feb.94 Feb.94 CRDL 

10.0 J 5.7 J II 0 J 7.8 J ND 230 J 100 J 43.0 
1.2 6.9 12.0 96 ND 280 78.0 37.0 J 

26.0 32.0 51.0 31.0 ND 68 0 1000 86.0 
ND 2.5 ND ND ND . ND ND ND 
ND ND 26 J 43 J ND I10 J ND 19.0 J 
ND ND ND 5.1 ND 13.0 ND ND 
ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND 

75.0 J 
1300 
3000 

ND 
90.0 

110.0 
ND 
ND 

95.0 130.0 140.0 41.0 I300 95.0 8: 0 43.0 130.0 

22 IO.0 2730.0 3290.0 2460.0 26100 32100 4540 0 3370 0 5650.0 
ND ND ND ND ND ND ND ND ND 
0.62 J ND 0.75 J ND ND 0.62 J 16 J 0.9 J I4 J 
36.9 36.0 60. I 27 8 62.3 308 4!, 4 33.3 56 5 
0.27 0.27 0.37 0.27 0.39 0.33 0.47 0.37 0.75 
ND ND ND ND ND ND ND ND ND 

829.0 884.0 1380.0 481.0 6510.0 I 180.0 IO50.0 594.0 13400 
4.1 8.1 72 7.8 8.6 7.9 7.8 7.5 174 
5.3 90 I3 2 4.8 86 57 19 5.1 II I 
7.4 26.6 14 5 I I.5 I9 6 8.5 lJ.3 7.6 18 I 

9380.0 I 1600.0 12600.0 ‘830 0 I 1600.0 7320.0 8120.0 73100 14l000 
7.5 J 166 J 257 J I25 J 479 J II.5 J 211 J 14.7 J 95.2 J 

1070.0 2730.0 1970.0 1680 0 2080 0 25100 1851 0 1450 0 2880 0 
892.0 J 597.0 J 903.0 J 2550 J 555.0 J 208 0 J 1930 J 1840 J 357.0 J 

ND ND ND ND ND ND ND ND ND 
8.3 33.1 13.4 10.9 I I.0 17.0 7.1 107 I6 I 

644 0 ND ND ND ND 9190 194D.O ND ND 
ND ND ND NI) ND ND ND ND ND 
ND ND 470 0 ND 1650.0 ND ND 502 0 ND 
12.1 14.1 I8 5 I2 7 13.0 I4 9 19.5 14 8 33.7 
35.1 42.6 41.3 28 9 875 J 39.1 J 41 0 J 338 J 508 J 
ND ND ND ND ND ND ND NI) ND 

1 
3. 
3. 
3. 
I. 
I. 
1 
I 
I 

5 .O 

II 

40 0 
12 0 
0 .4 

40 .O 
I .O 
I .O 

IOCO .O 
2 .O 

IO 0 
5 0 

IO 1.0 
0 12 

Ioc~o 10 
3 0 
00 
80 

10000 
20 

loo00 
:oo 

40 
05 

3 
3 
3 
1 
7 
7 

.7 

.7 

ND = Analyle below sample detection limit. 
J = Estimated value. 

(8) 
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TABLE 3-12 

ANAL~ITICAL RESULTS 
SITE 1: 0I.D LANDFILL 

SEDlhlENT 

Sample 
Sample Dnlc 

’ I’rsticidesll’Clls ()rg/kg) 
: 4,4’-DDD 
’ 4.4’~DDE 

4,4’-DDl 
aldrin 
alpha-chlordane 
gamma-chlordane 
hcptachlor 
heptachlor cpoxide 

II TlWC (mg/lrg) 

II lnorgnnics (mg/lrg) 
aluminum 

II anlimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 

w 
I chromium 

m cobalt 
0.) copper 

iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 

; sodium 
,t vanadium 
-’ zinc : 
- cyanide 

I-SI)-IO I-SII-I I 
Feb.94 Fcb-94 

IO0 J 
7.2 

26.0 
ND 
ND 
ND 
ND 
ND 

5.7 J 
6.9 

32.0 
2.5 

ND 
ND 
ND 
ND 

95.0 

2210.0 
ND 
0.62 J 
36.9 
0.27 
ND 

829.0 
4.1 
53 
7.4 

9380 0 
7.5 J 

1070.0 
892.0 J 

ND 
83 

644 0 
ND 
ND 
I2 I 
35.1 
ND 

130.0 

2730.0 
ND 
ND 
36.0 
0.27 
ND 

884 0 
8.1 
90 

26.6 
I 1600.0 

166 J 
2730 0 

597.0 J 
ND 
33 I 
ND 
ND 
ND 
I4 I 
42 6 
ND 

I-SI)-I2 
Fcb-94 ____ 

II 0 J 
I2 0 
57.0 
ND 

26 J 
ND 
ND 
ND 

140.0 

3290.0 
ND 
0.75 J 
60.1 
0.37 
ND 

1380 0 
72 

13.2 
14.5 

I2600 0 
251 J 

1970 0 
903 0 J 

ND 
13 4 
ND 
ND 

470 0 
IR 5 
41 3 
ND 

I-SIJ-13 
Fcb-94 

78 J 
96 

31.0 
ND 
4.3 J 
5.l 

ND 
ND 

41.0 

2460 0 
ND 
ND 
27.8 
0 27 
ND 

481 0 
78 
48 

II 5 
1830 0 

125 J 
I680 0 
2550 J 

ND 
109 
ND 
ND 
ND 
I2 7 
28 9 
ND 

I-SD-14 
i’cb-94 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

130.0 

2610.0 
ND 
ND 

62 3 
0.39 
ND 

65100 
86 
86 

196 
I 1600.0 

479 J 
2080 0 

5550 J 
ND 
II 0 
ND 
ND 

16500 
130 
875 J 
ND 

I-SD-15 
Feb.94 

230 J 
28 0 
68 0 

. ND 
II.0 J 
130 
ND 
ND 

95.0 

3210 0 
ND 
0.62 J 
30 8 
0.33 
ND 

II800 
79 
57 
85 

7320 0 
II 5 J 

25100 
208 0 J 

ND 
170 

9190 
ND 
ND 
149 
39.1 J 
ND 

I-SI)-I6 
Feb.94 __- 

111 0 J 
71.0 

1011 0 
ND 
ND 
ND 
ND 
ND 

85 0 

4543 0 
ND 

I61 
4) 4 
047 
ND 

1053 0 
18 
59 

I3 3 
812DO 

22 I J 
18500 

1930 J 
ND 

71 
1940 0 

N I 1 
NI) 
19 5 
43 0 J 
ND 

I-SII-I7 
Fcb-94 

43 0 
370 J 
86 0 
ND 
190 J 
ND 
ND 
ND 

43.0 

3070 0 
ND 

09 J 
33 3 
037 
ND 

594 0 
75 
5 I 
76 

i3lOO 
147 J 

I450 0 
1840 J 

NI) 
IO 7 
NI) 
NI) 

501 0 
I4 8 
338 J 
ND 

I-SI)-I8 
Feb.94 - 

750 J 
I300 
300 0 

ND 
90 0 

II00 
ND 
ND 

1300 

5650 0 
ND 

I4 J 
56 5 
0.75 
ND 

13400 
I7 4 
II I 
I8 I 

141000 
95 2 J 

2880 0 
3570 J 

ND 
I6 I 
NI) 
NI) 
ND 
33 7 
508 J 
ND 

<‘H()IJ 
CHDL --_ 

3 
3 

51 

40 I 
I2 I 
0s 

40 I 
I I 
I 1 

10001 
21 

IO 1 
51 

20 1 
0 

IOOO~ 
31 
0’ 
R 

1000 
2 

IO00 
IO 
4 
0 

(1) 08/l 3197 
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Tal~lc 3-13 

I’IIYSICAI,/(:IIISRlICAI, ~‘~tOI’E11TIES OF VOI,ATII,E ORGANIC COhll’OUNI)S AT SITE 1 

Vinj.1 Cllloridc 
h 

xgenei 

62.5 I 92 s 103++ 2 53\ IO3 49 9 I 56 0 688 I 73 

IOfl I3(1’ II+-+ 0 491” 3 I(,‘+ J3 3 JR 8 

+ Averaged data for cis- and Mans- isomers 
4 -t Avcragc of Iwo listed values 
I I Iala [or “m~scd” xylcnc (lhrcc istmcrs) 
*4 

a 
Informa(ion obkcd from COI~~OUINI specific rcfercnces (SCC helo\\ ) Consranl\ a~ 20. C \\crc lislcd. lf a\ a~lnblc. II not. tlaI;l ;II IIIC LIO<C‘\I Icmpcralurc 

wcrc used. Ilesry’s Cooslanls were iioli-dirilc~isi~~iial urirlg .I = 2OFC‘ (293 K) 
Calcutaled usiog f,,, = 0.001, I’b = 2 5 x 106. n = 0 05. 

Reference: AlSI)R l990b. ‘I oxicological Protilt Tar Chlorcbcnzcnc. USI’IIS. \\‘ashiogron. I)C 

IWerence: A’ISDR 1990~. 1.oxicological Profile for 1.2-f>ichloroellicr~e. USf’I IS. \\‘ashinglon. IIC. 

Rerercnce: A~ISDR 1990d, I-oxicological f’rofilc for f~lhyltmrene. IJSI’IIS. Washinglou. f)C. 

Rckrence: Al’SI)R 1993a, Toxicological I’rofitc for l~oluene. \JSI’liS. \\‘asbing(on. I)C 

Rcfkrence: Al’SI>f< I993h. Toxicological f’rofile for Trichloroclhenc. (JSf’llS. \Vashinglon. DC‘ 

Keference: AlSIIR 1993~. Toxicological f’rofile f-or Vinyl ?‘hloride. USI’IIS. \Vashinglon. IX: 

Reference: A.fSDR fY93d, .foxicologicat f’rofite for Xylem. (JSI’IIS. Washingron. IIC. 

Reference: A’IWR 199Of, ToxIcologicat Profile Car ‘le~rachlorockne. USPI IS. \\‘ashing(oii f)C. 

_-. _.- ..-.. -.._ _-____..__ -~ .._....- “._-.,.II~-“. ._- _._ .“I ..” . --_-_“- _..- ̂. “. 



Light PAtI Compounds 

Key at end of table. 
I, CD7IlIIRCIlI7.10I27~8-~~l 



rap2 2 or2 

Table 3-14 

I’IIYSICAI,/C~IEMlCAL 1’1~01’EI1TIF:S OFSEhIIVOLATILE ORGANIC CO\IPOUNI)S AT SITE 1 

Log Oclanol/ 
hlolecular Aq”co”s \‘a lror hIas. Rctartlnt’on 

\Veight’ Solubililya Pressurea 
Ilenry’s 1,~ II20 Partitioning 

Constant Coefficienta IIislributiOnb Factor 
I, 

Compound g/tnol mgll, mmllg 11. I-I Ko,, t I-I RI, I-I R, I-I 

13enzo(a)pyrenee 252 38s IO3 56s 10s9 2.03 s lO-5 606 3.43 s IO4 380x IO4 

Chrysenee 228 1.8 x 10-j+ 6.3 x lO-9 4.37 x lo-5 5.61 1.22 x IO4 1.35 s IO4 

Dibenzo(a.b)anthracenee 278 5 x IO.’ I s lo-lo 3 04 x I o-6 6.X4 207~10~ 2.29 s IO’ 

Indeno( I ,2,3-cd)pyrenee 276 6.2 x 10m2 2.85 x 10-‘0** 2.89 x 10~~ 658 I.14 9 IO5 I 26 I IO’ 

I~ellzo(g.h,i)per),lence 276 2.6 s lo-3 I.,13 s lo-lo 5.99 s lo-6 6 50 945s IO4 I.05 s IO5 

Other Semivolatile Organics 

I ,I-Dichlorohenzenef 147 79 1.76 00624 3 52 99 IO5 

+ Average of IWO listed values 
+t liemy’s l,aw Conslanl cnlculalcd from vapor prcssurc and aqueous solubility. 
I Aqueous solubility calculalcd from I Icnv’s Law Conslnnl and vepor prcssurc 
1, Vapor pressure calculaled from I lcnry’s I.a\v Conslanl and aqueous solubilil) 

a 
Informa\ion ob(ained from con~pound specific rcfercrces (XC helwv) Constanls at 2O’C wrc listed. if available If nol data at 111~ closcs~ Icmpcralurc \\crc 

b used. I Icnry’s Conslanls were non-dimcnsic;;nal using ‘T = 20°C 1,293 K). 

C 
Calculated using f,: = 0.001. I’b = 2 5 x IO , n = 0.05 

d 
Reference: A1 SDIL l9YOf, Toxicological I’rolilc for Nnpldalcre and hlc~h~lrraplrthalcne. USI’IIS. \\‘ashing:on. IX. 

Reference: IJSEI’A lY8ha (see WC lahlcs for lull rcfcrcnce). 
e 

f Rcfercncc: A’ISIIII I YY3f, Toxicological I’rolilc for 1’01) cyclic Arornalic I I~tlrocarbons. IJSI’I IS. \\‘ashlnplcln. I)C 

Rererencc: ATSDR I YYOg, Toxicological I’rofilc ror I ,4-[Iichlcrobcnzcne, USI’I IS. Washington. DC. 
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Table 3-15. 

I’IlYSICAL/CllEMlCAI, I’I~OI’ERTIES OF PESTICIDES ATSITE 1 

Conipound 

Aldrinc 

DDDd 

DDISd 

Dl)Td 

I leplachlore 

I.og Oclanol; 
Rlolecular 

Weighta 
Aqueous 

Solubilitya 
Yapor 

Presrure’ 
Ilenry’s Law hlass 

Constanta 
1120 Partitioning 

CoefIirienlP Distributionb 
Retardat~n 

Factor 
g/m01 mg/L mmllg 11, I-I K,,,. I-I \I. I-1 R, I-I 

365 0.20 7.5 x lo-5 1.33 x lo-2 301 30 5 33 I 

320 O.ICO I.02 x lo-6 I.12 x lo-4’ 620 J7S\ IO” 5 25 s IO4 

318 0 I2 65s lo-6 2 83 x IO.’ 700 301 IO5 3 30 s IO 

354 3 4 x lo.3 5 5x 10T6 2.13 x IO-* 6 I9 J 63 s IOJ 5 I3 x IO4 

373 0 05 3 s 10-4 6 I6 x IO.* 5 44 R25\ I(? 8 6X \ IO1 

* licnry’s Law Cnnstanl calculalcd from vapor prcs;urc and aqwzous soluhilr1y. 

a 
Information obtained from compound specific rcfcrcnccs (see bclw\) Constants at 2O’C ~crc I~ctcd. of a: arlablc lfrl~ll. dillil a1 IhC ClOSC5l IClllpCrilllllC 

b were used. Ilcnry’s Constanls were non-dimensicnal usrng I = 20-C (293 K). 

C 
Calculaled usinb fo, =OOOl.I’b=2.5x 106,n=0.05. 

d 
Re~crencc: A’I‘SI)R 1993g. Toxicological Profile lor Aldrirvl>icldrin. USI’IIS. Washington. IX 

e Reference: ATSl)R 199Og. Toxicological Profile for I~I~‘~ll)l~l~lI~I~l~, USPIIS. Washington. IX. 
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4 Site 2 - Fire Training Area 

4.1 Introduction 

This section presents a detailed description of Site 2 - the former Fire Training Area 

(FTA), and includes a discussion of site conditions, disposal history, previous investigations. and 

the field activities conducted during both the 199 1 and the 1993 - 1994 RI field investigations. 

The results of data collection activities are presented, followed by a discussion on the nature, 

extent, and fate and transport of contamination found at the site. The RI field efforts were 

conducted before remedial activities, including excavation, grading and backfilling with clean 

till. The RI sampling and analytical results and groundwater interpretations are based on those 

original conditions. 

4.1 .I Location and Description 

The Fire Training Area (Site 2) is located within the southeast comer of the NTC and is 

bounded by Happy Valley Branch on the southeastern border of NTC property and Maryland 

Route 222 (see Figure 4- 1). The site was used to train Navy recruits in fire fighting techniques 

from the 1940s until the late 1960s. 

Site 2 consisted of three brick and reinforced concrete buildings set in line on the 

southwest comer of a large square concrete pad, with an adjoining clay-lined oil separator pit, 

southeast of the pad. There were also underground storage tanks (USTs) associated with the 

training activities on the concrete pad (10 in all) and one used to store heating oil for the former 

administration building northwest of the pad (OHM 1996a). It was determined that initial 

drainage of oil and water off the pad was into two concrete subsurface vaults off the southwest 

comer of the pad. Overflow from these vaults went into the oil separator pit. All of these were 

subsequently remediated. 
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4.1.1 .I Topography and Surface Features 

The Fire Training Area was constructed on the gently sloping (approximately 3.3 

percent) northwest bank of Happy Valley Branch. at an elevation ranging between 240 and 275 

feet AMSL. The concrete pad on which the actual fire training was performed measured 

approximately 400 feet by 400 feet (3.7 acres) and sloped to the southeast towards a collection 

ditch and oil/water separator pit that measured approximately 200 feet by 200 feet. 

The pit was located adjacent to the southeast edge of the pad. between the pad and the 

creek. 

Water from the separator pit drained through a subsurface valve and piping system 

discharging to a shallow ditch, approximately 2 feet deep, leading 250 feet to Happy Valley 

Branch. A barrier built of steel railroad track and wood across the creek approximately 100 feet 

below the discharge of the separator pit has partially dammed the creek allowing sediment (sand 

and gravel) to accumulate behind it, raising the creek bed approximately five feet. Bed sediment 

in the Happy Valley Branch ranges from sand to gravel to cobbles. Happy Valley Branch passes 

under Route 222 via a culvert as it exits the NTC. 

Starting in October 1994, training structures on the tire training area pad and part of the 

concrete pad were demolished and removed. 

The demolition debris was placed into a special cell at the Site I landfill (OHM 1996a). 

Contaminated soil from the oil separator pit was excavated to depths of 4 to 5 feet below the 

original grade until confirmation samples collected had concentrations of TPH below the action 

level of 100 mg/kg (OHM 1996a). In addition to being analyzed for TPH, the samples 

underwent analyses for halogenated VOCs, BTEX, pesticides, and metals. Soil was removed 

from a wetland on the northeast side of the pad where soils were found to be contaminated with 

pesticides (OHM 1996a). 

Approximately 24,000 cubic yards of soil from the separator pit, the drainage swales, 

and the separator vault areas, were excavated, stabilized with portland cement or quarry dust, and 

transported to Site I for disposal. An additional 11,000 cubic yards were excavated from 

beneath the pad and 750 cubic yards of pesticide contaminated soil were removed from the 

wetland area adJacent to the pad. These soils also were stabilized with quarry dust and then 

transported to the newly established cell for investigation-derived waste materials in the Site ‘1 

landfill. 

The site was restored by placing clean fill from off-site in the excavated areas. The site 

was returned to the topography for wetlands and clean drainage, and the area where the pad had 

been removed was revegetated. Clean fill was mixed with an imported compost material, placed 
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in the separator pit, and graded to design specifications. The drainage swale was constructed of 

rip rap. The separator pit was replanted as an emergent wetland. The wetlands affected by 

pesticides were replanted with grass and trees native to the area (OHM 1996a). Figure 4-2 is a 

map of the site after remediation. 

As was the case with Site 1, the RI study, including fieldwork, was conducted before the 

removal action (environmental remediation) of the site. The results and interpretations were 

based on the worst case conditions unless confirmation sampling from the removal action has 

demonstrated that the contamination and associated risks have been removed. 

4.1.2 Ecology 

A wetlands delineation survey was conducted at the sate in 1994 (E & E 1994b). Prior to 

remedial actions. the area was in a heavily disturbed developed area, of low ecological value. A 

narrow riparian wetland was identified along the outtlow of the oil separator pit. This has now 

been changed significantly by excavation of contaminated soils/sediment, as have the soils 

around and under the Fire Training Area pad, the barn, and the oil separator pit itself. The 

riparian forested wetland northeast of the Oil Separator Pit has also been disturbed by 

excavations to remove pesticide contaminated soils. These areas have been either allowed to 

return to a wetland community or have been suitably revegetated in coordination with wetland 

specialists from the Maryland Department of Natural Rrsuu~ces. The riparian wetlands 

immediately adjacent to the present stream remain relatively intact. 

4.1.3 Waste Generation Activities 

When used for fire fighting training purposes, the buildings were sprayed with oil and 

ignited (Versar 1989). The fire in the buildings was extinguished with water, and the oil and 

water run-off drained into two subsurface concrete vaults off the southwest comer of the pad. 

Overflow from these vaults went into the oil separator pit. in the pit, oil could be collected from 

the water’s surface. The water beneath the oil was discharged through a subsur-face valve and 

piping system. The volume of oil used at the fire training area and the volume of oil skimmed 

from the separator pit for disposal could not be determined as no records had been kept. The 

discharge system may also have been used to periodically drain fluids from the pit during tim’es 

of heavy precipitation with overflow cunditions. Discharge from the pit flowed some 250 feet 

south to join Happy Valley Branch. 

Excavation south of the buildings indicated that subsurface contamination was present 

in the soil. 
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4.2 Previous Investigations 

In 1988, the fire training area was identified as requiring a hydrogeological investiga- 

tion, which was conducted by Versar, Inc. under contract to the Navy for work on the Installation 

Restoration Program. The oil separator pit was the focus of this investigation. 

Groundwater. surface water, and sediment samples were collected. Five monitoring 

wells (2-GW-I, 2, 3,4, 5) were installed on the perimeter of the oil separator pit in February 

1988 (see Figure 4-3). Split spoon samples were collected at five-foot intervals, and a bedrock 

core was obtained from well 2-GW-4 to provide data on the geologic conditions at the site. Well 

construction procedures were identical to those described in Section 2.6 with the exception of the 

two wells adjacent to the pit. These had stainless steel casings used to avoid PVC casing 

degradation and contaminant adsorption as a result of extended contact with petroleum 

hydrocarbons. Static water level measurements were recorded and groundwater, surface water, 

and sediment samples were collected during three sampling rounds in 1988. Samples underwent 

analyses for VOCs, PCBs, oil and grease, and lead. 

Results of the investigation indicate the absence of PCBs in any sampling event in 

groundwater, surface water, or sediment. Six VOCs were detected in groundwater samples 

collected from the five monitoring wells installed around the oil separator pit, all at levels below 

20 pg/L. The six VOCs were acetone (detected in 2-GW-I, 2-GW-3, 2-GW-4, and 2-GW-5 in 

July 1988 only); carbon disulfide (in 2-GW-4 in July 1988); trans I,?-DCE; TCE (in 2-GW-2 

and 2-GW-4 during every round); 1 .1,2.2-PCA; and trichlorofluoromethane. The only VOC that 

exceeded an MCL was TCE. TCE was detected in monitoring wells 2-GW-2 and 2-GW-4 (both 

downgradient) at concentrations of 6 l.tg/L, 7 pg/L, and 6 pg/L, respectively, during every 

sample event. The MCL for TCE is 5 pg/L. 

Sediment and surface water samples were collected from the confluence of the stream 

that runs between the north side of the concrete pad and the former pesticide-contaminated 

wetlands and Happy Valley Branch, in the drainage swale of the oil separator pit, and below the 

confluence of the drainage swale and Happy Valley Branch. .I’wo VUCs were detected in 

sediment samples: toluene (4 pg/kg) and I-ethyl-3-methyl benzene (1 pg/kg). 

Oil and grease content, as well as lead concentrations, were found in rhe groundwater 

samples. Oil and grease content in the groundwater did not show any discernible variations from 

well to well, and none of the concentrations exceeded 1.7 milligram per liter (mfi). The water 

quality standard ARAR used by Versar to evaluate oil and grease content in groundwater at this 

site was 5.0 mg/L. Although surface water sample collected downgradient of the oil separator 

pit had the highest oil and grease content of 3.19 mg/L during July, the value was below the 
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National Pollutant Discharge Elimination System (NPDES) discharge limit of 15 mg/L for 

contaminated run-off. Lead was detected in two of the groundwater monitoring wells, 2-GW-2 

and 2-GW-4, during the month of July. The concentrations (5.5 and 5.8 pg/L) were below the 

action level of I5 J&L. 

No VOCs were detected in surface water samples collected around the oil separator pit 

(see Figure 4-4). Lead and oil and grease content were notably high in the sediment samples 

from 2-SED-2 (downgradient of pit). Lead was at 147 mg/kg in May, and oil and grease was 

measured at 123 mg/kg during March. A sediment sample collected from the drainage ditch 

leading from the oil separator pit to Happy Valley Creek had a dark. oily appearance during 

sampling. 

The conclusions of the investigation by Versar stated: 

“In summary. results of the sampling and analysis investigation at the oil 
separator pit indicated only minor releases of potentially hazardous constituents 
at levels in most cases below AIURs. The upper end of the drainage ditch 
leading from the oil separator pit to Happy Valley Creek appeared to be the 
most impacted area, with moderate levels of lead and oil and grease 
contamination. Groundwater and surface water did not appear to be strongly 
affected by the oil separator pit.” 

4.3 Remedial Investigation Field Activities 

The purpose of the field activities was to collect data necessary to define the extent of 

contamination in order to assess the potential risks tu IIUIII~II health and the environment. 

Additionally, the data will support the subsequent feasibility study and decision documents that 

address any applicable, relevant, and appropriate requirements (ARARs) for the site. A detailed 

discussion of the methods used is presented in Section 2. 

4.3.1 Soil Gas Investigation 

A soil gas survey of the concrete pad at the Frre Trainmg Area was conducted m 199 1 to 

determine the presence and extent of subsurface petroleum hydrocarbon contamination and to 

identify suitable locations for the placement of three monitoring wells. The soil gas samples 

were analyzed by GC/Flame Ionization Detector (FID). Section 2.2 discusses the data ’ 

acquisition methods used at the site. 

Soil gas samples were collected at 50 locations placed in a grid on, and in the vicinity 

of. the concrete pad (see Figure 4-5). The samples were collected by driving a 1 % inch OD rod 



to a depth of approximately 4 feet. A hollow, stainless steel probe was inserted into the hole and 

a sample was withdrawn and encapsulated in a self-sealing glass vial. 

The highest concentrations of total VOCs were detected at Sample Station SC-46 in the 

eastern section of the concrete pad. A soil gas plume extended north from this area to the edge 

of the survey boundary. Other plumes were identified at a former UST area, on the western 

survey boundary (Samples 9. 13, 15). and south of the burned out buildings on the southern 

survey boundary (Sample 43). 

The plumes at the eastern boundary and at the burned out buildings appeared to be 

attributable to releases of petroleum hydrocarbons. Based on chemical analysis the soil gas 

plume near the former UST was attributed to terpenes, naturally occurring hydrocarbons. The 

results ot the so11 gas survey are provided in Appendix B. 

4.3.2 Monitoring Well Installation 

Besides the five existing wells installed by Versar in 1988, E & E recommended that 

four wells be installed during the 1991 study, at suspected areas of contamination indicated by 

the soil gas survey. Monitoring well 2-GW-6 was located (see Figure 4-5) on the concrete pad at 

soil gas sample station 46, where the highest levels of VOCs were found, to monitor groundwa- 

ter in the overburden. Monitoring well 2-GW-7 was installed in bedrock at the northwest edge 

of the concrete pad to monitor groundwater in the bedrock from I7 to 37 feet BGS and was 

originally intended to serve as a background well. 2-GW-8 was located south of the burned out 

buildings at soil gas sample station 43 and monitored groundwater in the overburden in the 

interval from 10 to 20 feet BGS. 2-GW-9 was placed in the center of the oil separator pit to 

monitor groundwater in a sand, gravel, and cobble zone and the underlying saprolite in the 

interval from 6 to 20 feet BGS. 

Four additional monitoring wells were installed in 1993 in locations identified on Figure 

4-3 to address gaps in coverage of groundwater suspected to be migrating towards Happy Valley 

Branch. Momtormg well 2-G W- 1 U was located adjacent to the runoff channel from the oil 

separator pit. This well was screened in the overburden from 7.3 to 12.3 feet BGS to monitor the 

zone at the top of the water table. Well 2-GW- 1 I was placed at a point midway between 2-GW- 

4 and 2-GW-2. This well was completed as a open hole in bedrock to monitor the interval from 

28 to 5 1 feet BGS. Well t-GW- 12 is located between t-GW-3 and 2-GW-10, south of an old 

barn (since removed). This well was screened in bedrock from I8 to 28 feet.BGS. Well 2-GW- 

I3 was installed along the drainage channel from the oil separator pit, south of 2-GW- 10. This 

well was completed as an open hole in bedrock from 38 to 42.5 feet BGS. Refer to Table 4-1 for 
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a summary of the monitoring well construction data, and the actual construction logs are 

provided in Appendix E. 

4.3.3 Sampling 

Sampling was conducted during field investigations in I99 1 and 1994, using protocols 

and analytical procedures approved in the E & E work plan and amendments (E & E 1993a). 

Samples of surface water, sediment. surface and subsurface soil, and groundwater were collected 

and sent to the E & E’s Analytical Services Center (ASC) for analysis. 

4.3.3.1 Surface Water and Sediment Samples 

In February and again in August 199 I, four locations were sampled for surface water 

and sediment in Happy Valley Branch and in the drainages and swales leading from the site. The 

section of the stream that was sampled lies to the southeast of the concrete pad (see Figure 4-4). 

This area received the discharges from the oil separator pit and the sewage treatment plant during 

their periods of operation. Three sampling locations, P2-SD(SW)-6, P2-SD(SW)-7, and P2-SD- 

(SW)-8, were selected to investigate the extent of contamination downstream of the Fire 

Training Area. Where possible, these samples were taken in areas where water pooled and fine 

grained sediment was present. The fourth location, P2-SD(SW)-5, was upgradient of the 

concrete pad and oil separator pit and was used for the background sample. 

Surface water and sediment samples P2-SW-6 and P2-SD-6 were collected in the 

pesticide-contaminated wetland area. Samples P2-SW-7 and P2-SD-7 were collected in the 

drainage ditch between the oil separator pit and Happy Valley Branch. Surface water sample P2- 

SW-8 and sediment sample P2-SD-8 were taken below the confluence of Happy Valley Branch 

and the drainage ditch from the separator pit. This location was downgradient of all possible 

surface run-off or contamination at Site 2. The background samples P2-SW-5 and P2-SD-5 were 

collected upstream of the other three locations, in an area that did not receive surface water 

runoff from the concrete pad and oil separator pit. All 199 I surface water and sediment samples 

can be differentiated from the 1994 samples by the prefix “P” in the sample identification. 

In February 1994, 10 additional sediment locations were sampled in the streams and 

swales draining surface water from the Fire Training Area (see Figure 4-4). Sample locations 

2-SD-2. 2-SD-3, 2-SD-9, and 2-SD- 10 were collected from points spaced approximately 300 feet 

apart in Happy Valley Branch to assess the level of contaminants in streambed sediments. 

Sample 2-SD-4 was collected in the drainage ditch leading from the oil separator pit to Happy 

Valley Branch. Samples were collected at locations 2-SD-6,2-SD-7, and 2-SD-8 to evaluate 



contammant input to the drainage pathway from direct runoff from the concrete pad and the 

wetland area immediately northeast of the oil water separator pit. Sample 2-SD-5 was 

upgradient of the site and was collected to evaluate background conditions. Finally, location 2- 

SD- I was collected at the point where Happy Valley Branch leaves the NTC. This location was 

selected to evaluate contaminant levels at the point where surface drainage leaves the site. 

Surface water samples were collected with 2-SD-I in February and August 1994. Where 

possible, surface water and sediment samples were collected where water pooled and sediment 

was deposited in the streambed. The locations farthest downgradient were sampled first to avoid 

the possibility of residual conraminarion that could result from sampling actlvltles upgradient. 

All surface water and sediment samples collected in I99 I and 1994 were analyzed for VOCs, 

BNAs, p&ciJr>/PCBb, TAL metals, and total perroleum hydrocarbons. Surface water and 

sediment analytical results are summarized in Tables 4-2 and 4-3. respectively. 

4.3.3.2 Groundwater Sampling 

Over the period of the remedial investigation, a series of sampling events took place. In 

199 1, E & E collected groundwater samples on a quarterly basis at the previously installed 

Versar wells and the four new wells installed for this investigation. Subsequently, E & E 

installed four additional wells in 1994 and sampled all of them on a bi-monthly basis from 

January through December. Groundwater samples were collected and analyzed for VOCs; base, 

neutral, acid extractable compounds; pesticides/PCBs; metals; and cyanide. Samples collected in 

1994 were analyzed for these parameters, TPH, and dissolved metals. Analytical results are 

presented in Table 4-4. 

Prior to each sampling round, static water levels (see Table 4-5) were measured. These 

measurements were used to develop groundwater contour maps of the water table and to 

calculate the volume of water in each well for purge requirements. 

4.3.3.3 Surface Soil Sampling 

Sixteen surface soil samples were collected in March 1994 to evaluate the extent of 

pestlclde contammatlon in the wetland area northeast of the 011 separator pit and east of the 

concrete pad (see Figure 4-6). Locations 2-SS-5.2-SS-6,2-SS-7,2-SS-8,2-SS-9,2-SS- 10,2- 

SS- 11, and Z-SS- 12 were colocated with the corresponding borehole locations. Prior to drilling, 

a surface soil sample was collected from the upper 2 inches of soil at each boring location. 

Surface soil sample I was collected as a background sample east of Happy Valley Branch and 

the pesticide contaminated area. The remaining surface soil sample locations (2-SS-2,2-SS-3,2- 
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SS-4,2-S!% 13,2-SS- 14,2-S!% 15, and 2-SS- 16) were collected to assist in defining the extent of 

pesticide contamination in this area. 

Surface soil samples were collected from the upper two inches of soil. All samples were 

homogenized in the ground using disposable, stainless steel sampling equipment prior to 

placement in sample collection jars. These surface soil samples were analyzed for pesticides 

only. Analytical results are presented in Table 4-6. 

4.3.3.4 Subsurface Soil Sampling 

In January 199 1, 10 subsurface soil samples were collected from four boreholes (see 

Figure 4-6) to characterize and estimate the extent of vertical contamination at discrete points 

under the concrete pad and in the oil separator pit. Two subsurface soil samples also were 

collected from monitoring well 2-GW-9 which was installed in the center ofthe oil separator pit. 

The drilling logs are presented in Appendix D. 

Three borings (2-BH-1,2-BH- 2,2-BH-3, and one boring completed as 2-GW-9) were 

advanced in the oil separator pit, which was the catchment basin for contaminated water that ran 

off the concrete pad; and, the fourth borehole, 2-BH-4, was advanced in the southwest comer of 

the pad. It was located there based on the results from the soil gas investigation (Section 4.3. l), 

which identified the presence of petroleum hydrocarbons in that area. 

Ten samples were taken from the 4 boreholes and analyzed for TCL VOCs, BNA, pesti- 

cides/PCBs, TAL metals, and TPH. 

Two boreholes (2-BH-2 and 2-BH-3) in the oil separator pit separator pit were drilled to 

10 feet BGS before auger refusal. Two Laski core samples were taken in each hole at depths of 

0 to 5 feet BGS and 5 to 10 feet BGS. The remaining two boreholes (2-BH-1 and 2-BH-4) were 

drilled to a depth of 15 feet before auger refusal. Three samples were taken in each hole at 

depths of 0 to 5 feet. 5 to 10 feet, and 10 to 15 feet BGS. 

Eight additional boreholes (2-BH-5 to 2-BH-12) were drilled in March 1994 to evaluate 

subsurface pestictde levels for remediation in the wetland area northeast of the oil separator pit 

and east of the concrete pad. Borehole locations were arranged in a representative array to begin 

to define the extent of pesticide contamination, identified in sediment samples collected in this 

area in 1991 (see Figure 4-6). 

The boreholes were drilled using a two-man power auger with six inch wuter diameter 

solid stem auger flights. Samples were collected from cuttings removed from the deepest part of 

each boring using disposable, stainless steel sampling equipment. All 1994 borehole samples 

were analyzed for pesticides only. Analytical results are presented in Table 4-7. 



4.3.4 Aquifer Testing 

Slug tests were conducted on eight monitoring wells in the Fire Training Area. Wells 

2-GW-l,2-GW-2,2-GW-5, and 2-GW-6 were tested in 1991 and wells 2-GW-IO through 

2-G W- 13 were tested in 1994. The object of the tests was to determine the hydraulic conduc- 

tivity and transmissivity of the aquifer in the vicinity of the wells. The data were designed to 

estimate the rate of groundwater flow and transport rates of contaminants, and to evaluate the 

mass loading of contaminants via groundwater to surface water. 

The test data were analyzed with SLUGIX software. K and T were calculated using the 

Bouwer and Rice ( 1976) method for unconfined aquifers with partially or completely penetrating 

wells. Slug test data are presented in Appendix F. Aquifer properties such as hydraulic 

conductivity and transmissivity are shown in Table 4-8. 

Monitoring wells 2-GW- I, 2-GW-2.2-G W-5.2-GW- I I, and 2-GW- I3 are open hole 

wells completed in bedrock. Monitoring wells 2-GW-6 and 2&W- IO are screened in 

overburden materials and 2-G W- I2 is screened in bedrock. 

Test results were derived from the best fit between the plotted data on an average 

regression line. Although both rising and falling head tests were conducted, the data from the 

rising head tests were less variable than the falling head results displacing water into the sand 

pack around the screen. The variability may be attributed to the insertion of the slug into the 

well at the start of the falling head test. 1 he rrsmg head data represents water entering the well 

from the aquifer and may be more representative of the hydraulic conductivity of aquifer 

materials. 

The hydraulic conductivities ranged from I .25 I x IO“ cm/s at 2-GW-6 to 7.54 x 1 Oe2 

cm/s at 2-G W- 12. Transmissivity values ranged from 3.8 I4 x IO-1 cm2/s at 2-GW-6 to 3.104 x 

IO ’ cm’/s at 2-GW- 12. 2-GW-6 is screened in the overburden and 2-G W- 12 is screened in 

bedrock. The geometric mean of hydraulic conductivity is 7.802 X cm/s and for 

transmissivity 2.036 cm2/s. If the data are log normally distributed, approximately 68% of the 

values should lie between the following values: 

Geometric Mean (M)/Gcomctric Standard Deviation (D) at the upper end to M 
x D at the lower end. 

In the case of Site 2 hydraulic conductivities, the values for M/D and M x D are 3.086 x 

10-l cm/s and 1.972 x IO4 cm/s respectively. All wells have values within this range. For 

transmissivity of M/D and M x D the range is from 2.763 x 10-l cm2/s to 2.6669 x IO’ cm2/s. 

87.5% of the values lie within this range (see Table 4-8). 
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The variability of the hydraulic conductivity of the bedrock is related to depth, degree of 

weathering, and fractures. The hydraulic conductivity and transmissivity values derived from 

the curve matching were reviewed for consistency with values given in the literature (Freeze and 

Cherry 1979) for the types of formations encountered at the site. All hydraulic conductivities 

and transmissivities were consistent with the ranges given for fractured bedrock values and silty 

to clean sand in the overburden. 

4.4 Results of Fieldwork - Physical Characteristics 

in this section, the physical characteristics of the site are summarized. The conditions 

discussed are interpretations based on data collected during both phases of the investigation. 

4.4.1 Geology 

The bedrock under the site is a combination of fine-grained Port Deposit Gneiss 

separated by a thrust plane from the Happy Valley Branch Member of the James Run Formation 

to the south. Higgins and Conant mapped the thrust plane as passing under the Sewage 

Treatment Plant adjoining the site and cutting across the site in a north-south direction. The 

outcrop is not visible, being masked by soil, marsh deposits, alluvium, and fill. The rock core 

from 2-GW-4 is south of the location of the thrust plane but the core is described as “dark 

yellowish-orange Port Deposit Gneiss,” with fractures “lined with orange iron oxides.” The Port 

Deposit Gneiss shows a gradational contact with the Happy Valley Branch Member at this 

location. 

Because only eight wells, _ 3-GW-1, 2-GW-2,2-GW-4.2-GW-5.2-GW-7, 2-GW-1 I, 2- 

GW-12, and 2-GW-13, encountered top of bedrock, and six of those are in one small part of the 

site, there is insufficient data to contour the top of bedrock. There is a strong suggestion that top 

of bedrock reflects topography, however. The wells furthest from the creek, 2-GW- I, 2-GW- 12, 

and 2-GW-7 show the highest elevations for top of bedrock and creekside wells show the lowest. 

Seventy-two percent of the total bedrock relief (34.5 feet) occurs under the concrete pad between 

2-GW-1 and 2-GW-7, so the bedrock relief close to the creek is relatively slight, less than IO 

feet. The alluvial aquifer thickness is relatively constant and the water table is unaffected by the 

top of bedrock near the creek. 
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4.4.2 Soils 

Most of the site is mapped as “Made Land” due to disturbance during construction of the 

pad and the oil/water separator pit, and the disturbed area extends over the former alluvium of 

the Happy Valley Branch flood plain to the edge of the stream. On the northeast side of the pad 

is Glenelg silt loam. with Glenville silt loam lower down the slope. The wetland east of the pad 

is in mixed alluvium of the flood plain. On the southwest side of both pad and separator pit is 

Manor loam, whereas mixed alluvium extends along the stream both above and below the site. 

4.4.3 Groundwater Hydrology 

Four of the 13 wells are completed above bedrock at Site 2,2-GW-3,2-GW-6,2-GW-9, 

and 2-GW- 10; and nine are completed in fractured metamorphic rock described as Port Deposit 

Gneiss. The combined elevations of groundwater in all I3 wells. nevertheless yield a coherent 

picture, as water levels in overburden wells lying between bedrock wells show levels that would 

be expected of a bedrock well in the same location. The large disparity in depth between 

bedrock wells, with the deepest 2-GW- 11 (5 I feet BGS), being more than twice as deep as the 

shallowest 2-GW-5 (23 feet BGS), does not seem to create problems of interpretation. No well 

pairs exist, so measurement of vertical hydraulic gradient is not possible, but it appears to be 

slight. Using the hydraulic head data from all wells for the year 1994 (see Table 4-2), 

groundwater contour maps can be drawn for six sample rounds (see Figures 4-7 to 4- 12). In June 

of 1994 three of the wells, 2-MW-6. 2-MW-8, and 2-MW-9, were properly abandoned by a 

licensed well driller to accommodate site remediation activities. 

The data show that 2-GW- I is the upgradient well and that groundwater flow from there 

is generally towards Happy Valley Branch to the south. The hydraulic conductivity data (see 

Table 4-8) indicate that well 2-BW-12 has the highest hydraulic conductivity of any Site 2 well 

(7.54 x lo-’ centimeters per second [cm/set]). This indicates a fracture zone of high 

transmissivity trending south towards the stream which is gaining from the groundwater. 

4.4.4 Surface Water Hydrology 

Using the data derived from an assessment of Northeast Creek (see Section 1.3.5), the 

average flow of Happy Valley Branch adjacent to the site is estimated to be approximately 562 

gallons per minute or I .3 ft3/sec, from an upstream drainage area of approximately 545 acres. 

The expected maximum flow rate (50 year recurrence interval) would be 189 ft’/sec. Low flow 

(7-day, 1 O-year low) is estimated at 4 1 gallons per minute, or 0.09 ft3/sec. The stream bed 
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contains masses of gravels and sand, and during base flow periods the creek in the vicinity of 

Site 2 consists of a series of shallow pools separated by stretches of saturated gravel. 

4.4.5 Sediment 

As noted above in Section 4.4.4, sediments close to the site in Happy Valley Branch are 

coarse sand and gravel. Fine-grained sediments were sampled because of the affinity for 

contaminant to sorb to the finer-grained materials. Although no geotechnical (i.e., grain size) 

analyses were conducted to confirm this fact. it is anticipated that samples were comprised 

primarily of sediment with size ranges lower than those typically encountered in Happy Valley 

Branch. 

4.4.6 Ecological Characterization 

The wetland between Site 2 and Happy Valley Branch was characterized as part of a 

wetlands delineation program (E & E 1994b). The wetland is formed by drainages and seeps 

that drain slowly to the southeast where they become incorporated into the floodplain of Happy 

Valley Branch. A detailed discussion is presented in Section 6. 

4.5 Nature and Extent of Contamination 

This section presents the nature and extent of contamination, by medium or surficial 

feature, at Site 2. The investigations were completed prior to site remediation and some sample 

points discussed in this section may have been removed. Table 4-9 presents contaminants 

detected at concentrations above screening values, Screening values of contaminants for 

groundwater, soil. and surface water are presented as Tables 4- 10,4- I 1, and 4- 12, respectively. 

4.51 Surface Soils 

Sixteen soil samples were taken in 1994 as a result of the pesticide contamination found in 

the swale leading from the northeastern comer of the concrete pad to Happy Valley Branch (see 

Figure 4-6). One sample was collected east of Happy Valley Branch to serve as background. The 

remaining samples were sited to provide approximately evenly spaced samples around the swale. 

These eight were colocated with the identically numbered subsurface soil samples (2-BH-5 through 

2-BH-12, see Section 4.5.2), and were sampled for pesticides only. 

The samples were analyzed for pesticides and PCBs only. Four pesticides were 

detected: DDT, its degradation compounds DDD and DDE, and methoxychlor. Methoxychlor 

was detected only in one sample at several orders of magnitude below its screening value. 



DDT, DDD, and DDE were detected in 1 1 of the 16 samples, including the background 

sample. Five of the samples, including the background sample, show comparatively low 

concentrations (between 3.9 and 42 pg/kg). These samples (3-SS- I. 2-SS-5. ‘G-9. 2-SS-14. 

and 2-SS- 16) are spaced throughout the wetlands area, and are probably indicative of site-wide 

pesticide use. 

The other six samples with positive pesticide detection (2-SS-2. 2-SS-3, 2-SS-4. 

2-SS- 10,2-SS- 11, and 2-SS- 12) show higher concentrations. above 100 pg/kg. Samples 2-SS-2. 

2-S% 11, and Z-SS-12 showed detections in excess of screening values. These samples, 

particularly Z-SS-L that had concentration exceeding 10,000 pg/kg. These samples are located 

along a linear configuration running northeast to southwest. approximately 100 feet northwest of 

the creek. They lie on either side of the dirch, near rhe region where sediment samples P2-SD-6 

and 2-SD-6 were taken in 199 I. These sediment samples showed very high detections of 

pesticides as well. Samples 2-SS-5 rhrough 2-SS-8 were Iocau~I rlear 2-SD-7, appruximatrly 

100 feet upgradient of P2-SD-6. This sediment sample also showed elevated pesticide 

concentrations, but the soil samples did not. 

Based on.the above results, OHM sampled these soils extensively in July, August, and 

September 1994 to delineate the area requiring removal (OHM 1996a). OHM sampled at 49 

locations, and found DDT, DDD, and DDE above EPA Region 111 RBCs (which are slightly 

higher than the screening values used for this report) at 18 of them. The results were consistent 

with the E & E data. Pesticide concentrations were highest in the samples taken within about 

100 feet of IIappy Vallcy Branch, on both the north and south sides of the drainage ditch. In 

addition, samples taken within the drainage ditch itself (see Section 4.5.5.2 for E & E results) 

showed elevated levels of pesticides. Samples were collected from 0 to I foot BGS. In areas 

where elevated pesticides were found, additional samples were taken from 1 to 2 feet in depth. 

These deeper samples showed much lower concentrations, and only two of the locations showed 

concentrations above the RBCs. 

Following the interim removal action conducted by OHM. which involved soils along 

the length of the drainage ditch from the concrete pad to Happy Valley Branch, as wells as areas 

north and south ofthe ditch near Happy Valley Rranch, I9 confirmation samples were taken. 

Seven ofthe samples showed pesticides exceeding EPA REKs. In these locations, additional soil 

was excavated to a depth of four feet. Subsequent confirmation sampling showed no 

exceedances of RBCs. 
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Based on the removal action and confirmation sampling performed by OHM, the 

pesticide-impacted soils have been remediated to below screening values, and no longer 

represent a threat to human health and the environment. 

4.52 Subsurface Soils 

Thirteen boreholes were advanced and sampled at Site 2 (see Figure 4-5). Four 

boreholes (2-BH- 1,2-BH-2,2-BH-3, and 2-GW-9, which was completed as a monitoring well) 

were advanced within the oil/water separator pit itself. One boring, 2-BH-4, was drilled south of 

Fire Training Building C, within IO feet of 2-GW-8. The remaining eight (2-BH-5 through 2- 

BH- 12) were drilled in the pesticide-impacted wetlands north of the oil/water separator pit 

(Figure 4-6). These eight were colocated with the identically numbered soil samples (2-SS-5 

through 2-SS- 12, see Section 4.5. I ), and were sampled for pesticides only. 

4.5.2.1 lnorganics 

Fifteen metals and cyanide were detected in the five boreholes sampled for inorganic 

analytes. Only three were found above screening values, arsenic. barium, and manganese. 

Barium and manganese were detected consistently in these samples. and the levels appear to 

reflect their natural presence. Arsenic was detected only in the surficial samples. This suggests 

a posstble relattonshtp wtth the petroleum contaminatton (see Section 4.5.2.2 below). Lead 

concentrations also were higher (although below screening values) in these samples. However, 

all of this soil was removed, based on TPH contamination. by OHM during the Interim Remedial 

Action conducted in 1994. OHM did not sample for metals in their confirmation samples, but all 

of the surficial soils were removed. Therefore, it is highly unlikely that there is elevated arsenic 

remaining as a result of site-related activities. 

4.5.2.2 Organics 

Separator Pit 

The samples taken from four borehole locations within the oil separator pit showed 

concentrations similar 10 waste petroleum material, which is expected given the usage oTthe pit. 

All four of the boreholes showed TPH with concentrations ranging from 16 to 2,200 mg/kg. ’ 

There is no screening value for TPH, but these concentrations clearly indicate that petroleum 

products were present in the pit. TPH concentrations decreased with depth, as would also be 

expected in a separator pit. 
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These samples also showed PAH contamination. Thirteen PAHs were detected, three 

above screening values: benzo(a)pyrene, benzo(b)fluoranthene. and indeno( I ,2.3,-cd)pyrene. 

Again, the highest concentrations (including the exceedances) occurred in the shallow samples. 

Sporadic detections of VOCs were also found in the boreholes. All detections were below 

screening values, but the presence of ethylbenzene and xylenes is also indicative of waste 

petroleum products. The contaminant distribution was similar to that for PAHs and TPH, with 

the highest concentrations in shallow samples. 

Sampling results are clearly indicative of waste oil contamination. During the interim 

response action conducted in 1994 and prior to the actual removal. OHM conducted subsurface 

soil sampling from the floor of the pit and on the sides of the pit. The OHM results confirmed 

E clr E data. with I PH concentratrons exceeding 1 UU,UOO mglkg. During the removal action, 

OHM conducted confirmation sampling and continued to removed contaminated soil until the 

TPH concentrations were below 100 mg/kg. which is the MDE TPH action level. All other 

detections of organics were below established cleanup levels (OHM 1996a). The residual oil 

contamination in the pit has been removed. 

Concrete Vault Area 

Borehole 2-BH-4 was drilled to a depth of I5 feet and revealed contamination typical of 

a subsurface source of waste oil. The cu~ttanriuatiuu was highest in the dccpcst sample, from 10 

to I5 feet, with TPH of 2,200 mg/kg, and benzo(a)pyrene exceeding its screening value (88 

mg/kg) at 120 rug/kg. Twelve other PAI Is wcrc detected in this sample, up to a concentration of 

5.300 mg/kg (phenanthrene). Ethylbenzene and xylenes were also detected, but far below their 

screening values. These results are consistent with the groundwater contamination encountered 

in 2-GW-8 (see Section 4.5.3). 

As directed by EFA-Chesapeake, the concrete oil/water separator vaults on the 

southwest side of Building C were demolished and the concrete debris and surrounding 

petroleum-impacted soils were removed and transported to the Site 1 landfill for disposal. Soil 

contaminated with petroleum hydrocarbons were excavated to soil cleanup goals for TPH or to 

competent bedrock. whichever was encountered first. Confirmation sampling results were used 

above the water table to determine the limits of excavation. Since collection of soil samples ’ 

below the water table is not an accepted practice, contaminated soils below the water table were 

removed to competent bedrock without confirmation soil sampling. 
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Pesticide-Impacted Wetlands 

The results in the boreholes were similar to those found in the eight surface soil samples 

with which these were colocated. Pesticides were detected in the samples 2-BH-9 through 2-BH- 

12, which were taken close to Happy Valley Branch. DDD exceeded its screening value of 700 

@kg in 2-BH-9 and 2-BH- 10. 

This area has been remediated by OHM and pesticide contaminated soils have been 

excavated. Confirmation samples collecled by OHM had pesticide contamination below the 

Region III RBC (OHM 1996a). 

4.5.3 Groundwater 

Nine monitoring wells were installed at Site 2 . tn 1991. Well 2-GW- 1 is upgradient of 

the Fire Training Area and separator pit. Wells 2-GW-6 . 2-GW-7,2-GW-8, and 2-GW-9 were 

on the fire training concrete pad. on the northwest edge of the pad. immediately south of the pad 

and the concrete vaults, and within the separator pit, respectively. The remaining four are 

downgradient of the pit and training area. In 1994, four additional wells. 2-GW-10 through 2- 

GW- 13 were installed, all downgradient of the pit in the vicinity of the outflow swale. Wells 2- 

GW- 1 through 2-G W-9 were sampled four times in 199 1. In 1994. wells 2-GW- 1 through 2- 

GW- I3 were sampled six times with the exception of 2-GW-6, 2-G W-8, and 2-GW-9. These 

wells were sampled three times before being removed as part of the remedlatton at the site. CiW- 

10 through GW- I3 were sampled only in 1994. 

4.5.3.1 lnorganics 

A variety of metals were detected in the groundwater at Site 2, mostly below screening 

values. Calcium, ‘iron, magnesium, potassium, and sodium were all detected consistently above 

screening values in several wells. However, there are no regulatory values associated with these 

metals; all of their screening values are based on background levels. These five analytes are all 

moderately sulublt: naturally occuning metals, which generally arr not c;onsidrred grvundwater 

contaminants. It is unlikely that elevated concentrations of these metals are a result of activities 

at the Fire Training Area. These levels arc not considered a human health problem, and remedial 

action is generally not performed for these analytes. 

Manganese was also frequently detected at concentrations exceeding its screening value, 

which is based on a RBC. Manganese is also a naturally occurring metal, often associated with 

iron, but the concentration distribution of manganese is consistent with a site-related contami- 

nant. It was barely detected in the two upgradient wells, whereas detections in downgradient 



wells often exceeded the screening level by an order of magnitude. It is difficult to relate site 

activities to the manganese contamination in the groundwater, unless the natural bioremediation 

of petroleum products in the aquifer has altered aquifer chemistry and mobilized the manganese. 

All other exceedances of screening values were infrequent. Antimony exceeded its 

screening value (6 pg/L) in 2-GW-1 (55.4 pg/L). In 2-GW-3, zinc (7,420 pg/L) exceeded its 

screening value of 2.000 pg/L. Cadmium exceeded its screening value (5 pg/L) in 2-GW-8 (8.9 

pg/L) and 2-GW-9 (5.6 pg/L). Finally. beryllium exceeded its screening value (4 pg/L) in 2- 

GW-9 (6.3 pg/L). 

4.5.3.2 Organics 

In general. detections of orgamc contammants m groundwater were Infrequent. The 

exception is the sample from 2-GW-8. This well was sampled during the first seven field events. 

Concentrations of organics indicative of petroleum contamination were found durmg all seven 

events, and contaminants at this well location were then excavated precluding further sampling. 

Screening values were exceeded in at least one sample round for the following contaminants, all 

of which are PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluor- 

anthene, chrysene. indeno( 1.2.3-cd)pyrene, and naphthalene. Detections of these compounds 

(except for the lighter compound naphthalene) were fairly low, ranging from I to 3 pg/L, but the 

screening values, all of which arc MCLs, range frwm 0.1 to 0.4 pg/L. Naphtlralene, whkh wab 

detected in six of the sample rounds at levels ranging from 8-36 pg/L, has a lifetime health 

advisory wf 70 pg/L. Other I’AI Is were detected that do not have MCLs and did not exceed 

screening values that are based on HAS or RBCs: 2-methylnaphthalene, acenaphthene, 

acenapthylene, anthracene, benzo(ghi)perylene, carbazole, dibenzofuran, fluoranthene, fluorene, 

phenanthrene. and pyrene. Most of these PAHs were detected in at least five of the sample 

rounds. 

TPH was detected in 2-GW-8 in five of the sample rounds at levels ranging from 1.8 to 

82 mg/L. There is no screening value, but this corroborates the PAH detections and suggests that 

the PAHs are associated with oil. In addition, ethylbenzene and xylenes were detected at levels 

ranging from 1 to 7 pg/L, below their respective MCLs of 700 and 10,000 &L. These BTEX 

compounds are also typically associated with petroleum wastes. The detection of petroleum 

related products is expected, since the monitoring well was immediately downgradient nf the 

Fire Training Area. 60 to 300 feet from the three training structures. Well 2-GW-8 was 

abandoned and the buildings, have since been demolished by OHM as part of the removal action. 

In particular, the PAHs are expected, as they are the result of the incomplete combustion of 
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hydrocarbons. In addition to petroleum-related compounds, well 2-GW-8 exceeded the 

screening value for aldrin, a pesticide, but it was only detected in one sample round, indicating 

that this detection reflects at most very sporadic conditions. 

They were very few other detections of significance. TCE was detected consistently in 

2-GW-2, although it never exceeded its screening value of 5 up/L. This well is located 

approximately IO0 feet to the east of the separator pit. These detections may reflect contaminant 

migration from the separator pit (see Section 4.4.3). TCE was also detected in 2-GW-4, but at 

levels again below MCL. I, 1,2,2-TCE, I,2-DCE. and CB were other contaminants consistently 

detected in this well. This well, approximately I50 feet south of the oil/water separator pit area, 

may reflect contaminant migration from the pit. The I. 1,2.2-TCE was detected in every sample 

round at levels above its RBC-based screening value (0.052 ug/L). This screening value is 

conservative, and there is no MCL for this compound. 

All other detections of organics were infrequent. Methylene chloride was detected 

above its screening value (4.1 ug/L) in 2-GW-1 ,2-G W-3,2-G W- 12, and 2-G W- 13. However, 

these exceedances occur only once in three of these wells, and twice in 2-GW- 13. Methylene 

chloride was noted in several samples but as it is a common laboratory contaminant and was 

noted only sporadically, it is probably not site related. Several phthalates were detected 

sporadically also in these wells. Once bis(2-ethylhexyl)phthalate was noted above its screening 

value (in 2&W-8). These plasticizers are ubiquitous in the environment and are very common 

sampling and laboratory contaminants (from gloves, etc.). It is unlikely that they are actually 

present in the groundwater because they sorb strongly to soils. 

4.5.4 Surface Water 

Surface water samples were taken at four locations in February and August 199 1. An 

additional two locations were sampled in February and August 1994. All samples were co- 

located with sediment samples (see Figure 4-4). 

4.5.4.1 lnorganics 

Seven metals were detected above screening values in surface water samples: arsenic, 

cadmium. chromium, copper, lead, mercury, and zinc. Almost all of these detections were from 

three samples, P2-SW-6, P2-SW-7, and 2-SW-4. The first two were taken in the swale draining 

the concrete pad, and the third was in the swale draining the separator pit. These were also the 

samples that showed the only organics contaminants (see Section 4.5.4.2, below). The 

concentrations of these seven metals, as well as for aluminum, barium, beryllium, cobalt, iron, 



manganese, nickel, and vanadium were much higher in these samples than in the others. which 

were all taken from Happy Valley Branch. Therefore, it is likely that these detections reflect 

contamination associated with activities at the Fire Training Area. However, because of the 

surface water and sediment contamination detected, sediments from these swales were excavated 

as part of the removal action performed by OHM (see Section 4.5.5.2). 

4.5.4.2 Organic3 

Very few organics were detected in surface water samples. B&(2-ethylhexyl)phthalate 

was detected at all of the surface water locations. although not in both sampling rounds. 

Although the detections exceeded screening values. this is not considered contamination of 

significance. Phthalate compounds are ubiquitous plasticizers and are very common sampling 

and laboratory contaminants. 

The only other organics detected above screening values were DDT. and its degradation 

compounds DDD and DDE. All detections were above the conservative human health screening 

value for protection against consumption of water and organisms. All of the detections. except 

for one, were in samples taken from two locations (P2-SW-6 and P2-SW-7) in the swale leading 

from the northeast comer of the concrete pad to Happy Valley Branch. This area has been 

remediated. No organic contaminants of significance were detected in surface water samples 

taken from Happy Valley Dranch. 

4.5.5 Sediment 

Sediment samples were collected from four locations in February and August I99 I. 

Additional sediment samples were collected from eight location in February and August 1994 

(see Figure 4-4). 

4.5.5.1 lnorganics 

Four metals were detected above screening values in Site 2 sediments: arsenic. barium, 

chromium and manganese. Arsenic exceeded its conservative screening value in every sample, 

both upgradient and downgradient. with concentrations ranging between 0.62 and 6.6 mglkg. 

Therefore, it appears that this represents the natural presence of arsenic, and not site-related * 

contamination. Chromium and manganese were found to exceed screening values in one and 

three samples respectively. Barium was detected in five samples from three locations, P2-SD-6, 

P2-SD-7 and P2-SD-X. The first two locations were in the swale draining the concrete pad and 

also showed organics contamination of significance (see below). The third sample was taken in 
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Happy Valley Branch, downgradient of this swale. Therefore, it is possible that this reflects site- 

related contamination. However, sediments from these swales were removed by OHM (see 

below). Therefore, it is unlikely that barium represents a current or future problem in the 

sediments at Site 2. 

4.5.5.2 Organics 

Pesticides and PAHs were detected in sediments at Site 2. However, all ofthe 

detections above screening values were in the two swales that were excavated by OHM as part of 

the interim removal action (see below). DDT, DDD. and DDE exceeded screening values, by 

several orders of magnitude in some cases, in P2-SD-6, P2-SD-7,2-SD-6,2-SD-7 (in the swale 

draining the concrete pad), and in 2-SD-4 (in the swale draining the separator pit). In addition. 

heptachlor epoxide exceeded screening values in 2-SD-4. PAHs were detected above screening 

values m PZ-SD-7 and 2-W-4. 

Pesticides were also detected, but at concentrations below screening values, in the 

samples taken from Happy Valley Branch. They were detected even in samples P2-SD-5 and 2- 

SD-5, which were taken upgradient of Site 2. PAHs were also detected in some of these 

samples, again below screening values. Therefore, this contamination appears to reflect the 

installation-wide use of pesticides, and ubiquitous presence of PAHs, which result from the 

incomplete combustion of petroleum products. 

The only organic contamination that can be attributed to site-related activities. and that 

posed a threat to human heahh were in the swalrs. But11 of the drainage swales were sampled by 

OHM prior to the interim removal action. The results of this sampling were consistent with the 

E & E sampling results; pesticides were detected frequently. Based on this sampling, sediments 

from the bottom of the swales were removed and placed at the Site I landfill. Confirmation 

sampling was performed subsequent to the removal. Some locations in each swale showed 

residual contamination above cleanup levels. Additional removal and confirmation sampling 

was performed by OHM to reach the desired cleanup level. 

4.6 Contaminant Fate and Transport 

This section discusses the fate and transport of the contaminants of concern in the ’ 

groundwater ar Site 2. Contaminants of significance were also detected in other media, 

including the pesticides in soils, surface water and sediment, and PAHs in sediment. However, 

the interim removal action performed by OHM in the separator pit, the concrete vault area, the 

wetlands north of the pit, and the drainage swales have removed all of the contamination in the 



soils and sediment. This material has been treated and disposed under the landfill cap at Site 1, 

where they are not susceptible to transport. The surface water contamination was the result of 

soils and sediment contamination, and the source has been removed. The only contamination of 

significance that remains is in the groundwater in the concrete vault area. This contamination 

was detected both by E & E sampling of well 2-GW-8 and by OHM during the removal action 

(see Section 4.5.3). 

The general factors governing the fate and transport of chemicals in the environment are 

dependent both on the physical/chemical properties of each chemical and on the physi- 

cat/chemical characteristics of each transport medtum. In theory. a model could be constructed 

(using these physical/chemical parameters) to describe a chemical’s movement throughout the 

environment. However, a large number of imperfectly understood parameters attect fate and 

transport so that such a model would be difficult to build. The transport media, in particular. 

represent highly complex systems. even when considered one at a time. Because chemicals can 

repartition between media (which can dramatically alter transport potential), interactions 

between media must be examined. thereby complicating the picture even further, so 

simplifications have to be used. 

Three primary factors affect migration, the phase in which the contaminant exists. 

Transport within and partitioning between media, which is dependent primarily on the 

characteristics of the environment, and chemical or biological transfor~mation, which can have 

dramatic impact on fate and transport. 

Thcrc arc three phases in which a contaminant can rcsidc in the environment. It can be 

found in the atmosphere or soil gas as a vapor. It may be dissolved in the aqueous phase, either 

in underlying groundwater or in surface water bodies. It can sorb onto solid particles, such as 

unsaturated soil, aquifer solids, or airborne particulates. Finally, a contaminant may exist in its 

own phase, either as a solid or a non-aqueous phase liquid. An examination of the physical and 

chemical properties of each contaminant can help in predicting in which phase(s) it is likely to be 

found. Contaminant transport can then be deduced from an understanding of the site 

characteristics. 

A variety of processes can redistribute the contaminants between the phases discussed 

above. This redistribution may affect the possibility of transport. From the surface soils and’ 

waters, volatile compounds tend to partition to the atmosphere, essentially removing them from 

other on-site media of concern (i.e., they may be returned to the surface, but probably not very 

near the source). Strongly sorbing compounds would bind to surficial particles, but could still be 

mobilized as suspended particulate matter in surface flow after large rainfall events. Even if 
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released directly into the saturated zone, strongly sorbing compounds will tend to bind to the 

aquifer matrix rather than travel with groundwater flow. Contaminants that are either sorbed to 

solid particles or are existing in their own phase within the soil matrix may be slowly dissolved 

in the aqueous phase. This mechanism will depend on the compound’s solubility, as well as the 

site characteristics. Dissolved contaminants may be found either in surface water bodies or 

groundwater. Infiltrating rainwater may carry contaminants to the saturated zone, where they it 

will travel with groundwater. This flow may reach a seep, where contaminants will discharge to 

surface water or wetlands. Soluble components may also be dissolved or eroded by surface flow 

and mobilized into surface water. 

Contaminants can undergo a variety of transformations. both physical and chemical, 

while migrating through the environment. For example. many organics are subject to photo- 

oxidation in the atmosphere; for some, this can result in a substantial reduction in contaminant 

concentration. Biodegradation in soils and groundwater is another well-documented removal 

mechanism for organics. However, it is also possible that organics are transformed into more 

toxic compounds. The anaerobic dechlorination of TCE and DCE to vinyl chloride is an 

example of transformation into a more toxic compound. Although inorganic contaminants can 

not actually be removed by biological or chemical reactions, a number of important transforma- 

tions can have a considerable affect on transport. For example, the biological methylation of 

several metals, such as arsenic and mercury can increase these metals’ solubility by several 

orders of magnitude. 

Groundwarer flow at NTC is characterized by fracture flow. At a regional scale the 

fractures are interpreted to confer anisotropic hydraulic conductivity with flow preferentially 

aligned northeast-southwest. The overburden consists of unconsolidated, weathered rock 

(saprolite) that is characterized as a porous medium with a large porosity and storage capacity, 

but slow groundwater movement. The overburden also contains relict fractures that allow it to 

act as a fractured medium. The bedrock fracture system acts more as a low porosity/storage 

regime allowing rapid movement of both water and contaminants within the fractures. Based on 

rising head slug tests, the geometric mean of the hydraulic conductivity at Site 2 is 7.80 x IO-’ 

cm/s. The hydraulic gradient is assumed to be approximately 5 percent. The gradient is 

expected to reflect surface topography that is to the southeast, toward Happy Valley Branch. * 

However, because fracture flow appears to be an important transport mechanism, the directions 

of groundwater flow cannot always be assumed to be at right angles to the groundwater contours 

(see Section 4.4.3). The fractures are aligned northeast to southwest, which is essentially parallel 

to Happy Valley Branch. The stream appears to be gaining, which means that there must be 



some flow to the southeast, at least in the immediate vicinity of the stream. Based on a 
7 

hydraulic conductivity of 7.80 x IO-’ cm/s, a gradient of 5 percent, and a porosity of 0.05 (in 

fractures), the average estimated groundwater velocity at Site 2 would be 7.8 x 1 Om3 cm/s, or 

2,460 meters/year. This is almost certainly a high estimate of groundwater flow, because the 

groundwater is not flowing only in the fractures but also in the more porous weathered matrix of 

the saprolite, but it will be considered in the discussions below. 

Happy Valley Branch conveys surface water flow in the Site 2 area southward, 

discharging into the Susquehanna River. It receives flow from the former concrete pad area via a 

drainage swale leading from the northeast comer of the pad to the creek. It also receives the 

discharge from the separator pit via a swale leading from the southeastern comer of the pit. 

Because organic and inorganic contaminants have substantially different behavior (physically, 

chemically, and biologically), they are discussed in the separate subsections below. 

4.6.1 Organics 

For organic constituents, important contaminant properties include: aqueous solubility 

(Ci,aq), vapor pressure, Henry’s Law constant (H), and the octanol-water partitioning coefficient 

(K,,). In general, the more soluble compounds have relatively large vapor pressures. If  in the 

groundwater. they are likely to be mobilized in the aqueous phase, perhaps slowly volatilizing 

into the soil-gas. In the surface water, however, they are likely to partition from the aqueous 

phase into the vapor phase and will be released to the atmosphere. Compounds with a large K,, 

are usually not very soluble or volatrle. 1 hey may extst prtmartly m thetr own phase, or may 

sorb onto organic rich soils and sediments. They will then be immobilized unless the solids 

themselves are transported as suspended solids (in surface runoff) or airborne particulates (in the 

atmosphere). 

Chemical properties can be used to predict the fate and transport of organic contami- 

nants. An empirical relationship developed by Karickhoff et al. (1979) relates the ratio of the 

concentration of a solute sorbed onto aquifer panicles to the concentration of solute in solution 

and is expressed as Kd, the distribution coefficient: 

where: 

Kd = distribution coefftcient. 
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Ci,solid = equilibrium sorption, mg of solute sorbed per kg of solid. 

ci,aq = solubility of solute, mg/L. 

0.63 x 1 Oe6 m3/g = empirically determined constant. 

K ow = octanol-water partitioning coefficient. 

f = oc mass fraction of organic carbon in solid. 

Although this equation is generally applicable to organic chemicals, more precise relationships 

have been developed for individual compounds or classes of chemicals under special conditions. 

The wide range of dimensions for the distribution coefficient make it difficult to judge what 

would be considered strongly or weakly sorbing. It can be more useful to consider a unit volume 

in the aquifer and calculate the ratio of contaminant mass sorbed onto solids to contaminant mass 

dissolved in groundwater in the unit volume. This is calculated in the following equation by 

multiplying the distribution coefficient by Pb (the bulk density of aquifer solids) and (I-n)/n (the 

ratio of the volume of aquifer solids to the volume of groundwater in the unit volume): 

‘l‘he mass distribution of solute Mi, represents the tendency ofthe compound, i, to exist in either 

sorbed or dissolved form. When Mi = I, then at equilibrium there will be equal amounts of 

solute sorbed and dissolved. Each time uncontammated water fills a theoretlcal unit volume, 

half of the solute would desorb and enter solution. Because water is continuously moving 

through most aquifers, this reflects non-sorbing contaminant conditions. When M = 100, I % of 

the solute is dissolved at equilibrium. Thus, as fresh water is introduced to fill the unit volume, 

only 1% of the solute would desorb. Still, the contaminant would not persist in the solids over 

the very long term. and this contaminant would be considered moderately sorbing. 

Conraminanrs wirh Mi p IO4 are considered strongly sorbing and would be expected to persist, 

relatively immobilized, sorbed to aquifer solids. Such compounds would also sorb strongly to 

sediments and surficial soils given sufficient organic carbon content; however, they could be 

mobilized in these media either as suspended solids or airborne particulates. 

Another useful representation of sorption tendency is derived from a model whcrc a 

contaminant flows through porous media. When sorption is accounted for in the model, the 

retardation factor, R. relates the groundwater velocity to the contaminant velocity (Tchobano- 

glous 1987): 



where: vgw = average velocity of groundwater. and vcon = average velocity of contaminant front. 

The reciprocal of this term (l/R), therefore, represents the ratio of contaminant velocity to 

groundwater velocity (Freeze and Cherry 1979). That is, it is an estimate of how much the 

contaminant is slowed because of sorption effects. When a strongly sorbing compound (R > 

IO”) flows through an uncontaminated area. almost all of the dissolved portion would be 

expected to sorb out and the contaminant itself becomes essentially immobile. For a completely 

non-sorbing compound (Kd = 0, R = I), the contaminant moves with the same velocity as the 

groundwater. Contaminants with a retardation factor from IO to 100 can be considered 

moderately to conslderably sorbing. Those with R = 100 to 1.000 clearly will move much more 

slowly than groundwater. However, over the very long term, if groundwater movement is fast. 

then even these contaminants will exhibit some mobility. 

The Henry’s Law constant represents the tendency of a compound to volatilize from 

water. The dimensionless form of this constant is the ratio of the molar concentrations of the 

solute in vapor phase to the solution phase and is calculated as: 

P,‘“’ 
Hz- 

C, RT 

where: 

pi 
sat = vapor pressure of solute i, atm 

ci = aqueous solubility of solute i, mol/l 

R = 0.082 1 (atm-l)/(mole-K) 

T = temperature, K 

For example, consider the case of a closed vessel with equal quantities of water and air. If, for a 

given compound, the dimcnsionlcss Henry’s Low constant equaled one, then equal quantities of 

the compound would be dissolved and vaporized. Of course, in nature, if a compound is in + 

surface water, for example, there is virtually an infinite quantity of air in which to vaporize. For 

this compound, it could be assumed that all of it reached the vapor phase. Such contaminants 

would be considered highly volatile. Contaminants with H = IO-’ are moderately volatile, and 

those with H < 10m5 are insignificantly volatile. 
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The Henry’s Law constant is essentially the ratio of the compound’s vapor pressure to its 

aqueous solubility. Therefore, if both its vapor pressure and solubility are low, compounds can 

still have significant Henry’s Law constants. Such compounds may not vaporize significantly 

from soils, but if released into the aqueous phase, they may vaporize considerably. Several 

pesticides exhibit this quality and are discussed below. 

Literature values for the molecular weight aqueous solubility, vapor pressure, and 

Henrys Law constant, and octanol/water partitioning coefficient of the organic contaminants of 

concern are presented in Tables 4- 13 and 4- 14. Henry’s Law constants were calculated using a 

temperature of 20°C (293 K). Mass distribution and retardation factors were calculated using Pb 

= 2.5 x IO6 (Tchobanoglous 1987), v = 0.05 (a low porosity is assumed on the basis of fracture 

flow) and foe = 0.00 I (low organic content in the bedrock aquifer system). They are also listed 

in Tables 4- I3 and 4- 14. 

Finally, organic compounds are subject to biological and chemical transformations. 

These transformations degrade the original compound into different organic compounds as a 

result of a single- or multiple-stage reaction. Thus, transformation of one compound may 

generate organic compounds that were not part of the original contaminant matrix at the site. 

The type and rate of the reaction(s) is controlled in part by the temperature, pH, redox potential 

(Eh), presence of catalytic compounds or surfaces. oxygen concentration, and microbial activity. 

Potential chemical and biological transformations can be predicted from an analysis of these 

environmental characteristics. 

‘l‘he followmg sectrons drscuss the fate and transport ofthe particular organic 

compounds found at Site 2. 

4.6.1.1 Semivolatile Organic Compounds 

The only compounds detected consistently above screening values in the groundwater at 

Site 2 were PAHs. They were detected in well 2-GW-8, that is just south of the concrete pad. 

Oil in soils and bedrock was observed visually during the OHM removal of soils in the concrete 

vault area. 

PAH compounds can be found in virtually all parts of the environment: atmosphere, 

surface water, sediments, groundwater, smficial and subsuficial soils. They are sometimes ’ 

separated into three categories; heavy, medium, and light weight PAHS. The heavy PAHs (228 

to 278 g/mol) include the following compounds found at Bainbridge: benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, 

dibenz(a,h)anthracene, and indeno( 1,2,3-c,d)pyrene. Medium weight PAHs (202 g/mol) are 



fluoranthene and pyrene. Light PAH compounds (152 to 178 g/mol) include acenaphthene, 

acenaphthylene, anthracene, fluorene, and phenanthrene. It is typical to find PAH compounds 

together because al1 are products of incomplete combustion of hydrocarbons. All three PAH 

groups are discussed below. 

The physical/chemical constants of the PAH compounds appear in Table 4- 14. Based 

on their properties, the following generalizations can be made regarding these compounds: their 

aqueous solubilities. vapor pressures, and Henry’s Law constants decrease with increasing 

molecular weight. Solubilities are low for all of the compounds. and the heavier ones are 

virtually insoluble m water. Vapor pressure and Henry’s Law constant indicate that the low 

weight PAHs are moderately volatile. the mid-weight compounds are less so, and the heavy 

I’AHs may be insignificantly volatile. Sorption tendency increases with increasing molecular 

weight, The light PAHs are moderately sorbing, the mid-weight compounds are more so, and the 

heavy PAHs are strongly sorbing (R approximately I 05). 

Taken together. it appears that the heavy PAHs partition neither to the aqueous phase 

nor the vapor phase. Indeed, their retardation coefficients show a strong tendency to sorb or to 

remain in organic phases. In general, therefore. these compounds can be expected to attach to 

solids that have any organic content. In the atmosphere, they are likely to be sorbed to airborne 

particulates, and will be returned primarily by dry deposition. In aqueous environments, these 

cornpounds tend to found sorbed to particles, either scdimcnts, suspended pnrticulntes or aquifer 

solids. Even in the bedrock aquifer at Site 2, these compounds will probably not be mobile in 

~tuundwatri. Similarly, in surficial soils they arc likely to be sorbed onto particles. They may 

be removed very slowly by infiltrating rainwater and volatilization. However, once attached to 

solids in any media. they are largely immobile unless the solids themselves are transported in 

either water or air. 

Compared to the heavy PAHs, the mid-weight compounds have a greater tendency to 

volatilize and dissolve. and a lesser tendency to sorb. each by about an order of magnitude. For 

the light PAHs, the trend is the same, with about a two order of magnitude difference. 

Therefore, they will not sorb quite as strongly. The light PAHs in particular may dissolve and 

volatilize substantially. Therefore, whereas they may he somewhat mobile in the aqueous phase. 

they will probably not persist there over the long term. 

In biotic systems, PAH compounds are found to accumulate. particularly in aquatic 

organisms. They generally are not biomagnified because many organisms are able to metabolize 

them. It appears that biotransformation is a more significant removal process for the lighter 

compounds than for the heavier ones. There are two likely explanations. First, smaller sized 
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molecules are generally more easily metabolized than larger related compounds. Secondly, 

sorption limits bioavailabiiity, and the heavier compounds are more strongly sorbing. Another 

limiting factor on biodegradation is the availability of oxygen. Thus, if PAH compounds reach 

the deeper soils of the saturated zone, where oxygen is less available, they may be quite 

persistent. In soils and sedimentary environments. biodegradation is the major destructive 

process, but is influenced by a number of environmental factors. particularly the availability of 

oxygen. 

PAHs were detected consistently in the groundwater samples taken from 2-GW-8. 

Waste oil product was observed in this area during the excavation of soils in the concrete vault 

are performed by OHM in 1995. The heavier and medium weight PAHs will remain sorbed and 

vu-tually rmmobrlrzed m the aqurter matrrx or drssolved m the resrdual 011. 1 he Irght PAHs can 

be expected to migrate somewhat with groundwater flow. although they will move slower by two 

to three orders of magnitude. Because the lighter PAHs also have a greater tendency to volatilize 

and biodegrade, however, it is unlikely that they will migrate off site. PAHs were detected 

above screening values in sediment sample 2-SD-4 during both sampling rounds. Monitoring 

wells 2-GW-3 and 2-GW-I2 are directly in between 2-GW-8 and the swale, and neither well 

showed a single PAH detection in IO sample rounds. It is much more likely that the PAHs in the 

swale were the result of discharge from the separator pit. Regardless, the contamination in the 

SW& is no lunger uf concc~n because the sediments in the swalc and the pit were excavated by 

OHM and placed on the landfill (OHM 1996b). 

4.6.1.2 Volatile Organic Compounds 

Chlorinated Aliphatics 

Three aliphatics were detected with consistency in the groundwater: I ,2-DCE, TCE, 

and 1,1.2,2-PCA. The first two consist of an ethylene group (two carbons attached by a double 

covalent bond). Each of the carbon atoms has two available spaces for other atoms to bond. 

These four compounds have two and three chlorine atoms. respectively, attached to these 

carbons. The remainder of the bonding sites are occupied by hydrogen atoms. 1,2-DCE occurs 

as two stcrcoisomers, cis- 1,2-DCE and truns- 1,2-DCE, depending on how the two chlorines (one 

on each of the carbons) are oriented with respect to each other. I. I ,2.2-PCA consists of two * 

chorines attached by a single covalent bond. Two chlorines are attached to each of the carbons, 

and the remaining bonding sites are occupied by hydrogens. Because these compounds behave 

similarly, they are discussed together. 
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The most dominant physical characteristics of these compounds are their large vapor 

pressures and Henry’s Law constants. These VOCs readily volatilize into the atmosphere, both 

from surface water and surface soil systems. Their detection in rainwater indicates that wet 

deposition may be the dominant removal mechanism; however, they revolatilize rapidly. DC& 

and TCE may not be transported over long distances because of their rapid transformation rate in 

the atmosphere. Although these compounds volatilize rapidly from surficial media, when they 

reach the subsurface where there is little vapor in that to volatilize, these compounds can easily 

reach the saturated zone. This is especially likely when they are present in high concentrations. 

They have large solubllmes and llttle tendency to sorb. They will therefore leach through the 

subsurface soils and enter the groundwater. Once in the groundwater, they will generally flow 

along with the groundwater. Even from groundwater. however. volatilization may occur into the 

unsaturated soils. 

The chlorinated ethylenes may be transformed in any phase. In the atmosphere. the 

primary mechanism is oxidation via hydroxy radicals. This oxidation is rapid for DCE, and 

TCE, that show half-lives ranging from hours to a few days. Direct photolysis is generally not 

an important mechanism. From soil and water, biodegradation is the most important transforma- 

tion process. TCE and DCE can degrade aerobically, but anaerobic degradation has been 

observed to be more rapid, particularly for TCE. The process is known as reductive 

dechlorination. TCC is transformed to DCE, that degl~ades to vinyl chlu~ idr. Becau~ LIKX 

compounds are volatile and degradable, they may not be expected to persist over the long term. 

Howcvcr, if large quantities of chlorinated ethylenes enter the groundwater, they may bc 

transported over long distances before vaporizing or degrading. In particular, rates of 

degradation in groundwater is dependent on such factors as oxygen and nutrient content, 

temperature, and redox potential. 

DCE and TCE were detected consistently in wells 2-GW-2 and 2-GW-4. 2-GW-4 is 

certainly downgradient of the separator pit, and 2-GW-2 may also have received groundwater 

flow from under the pit. Therefore. these detections may reflect contamination related to the 

separator pit. However, the concentrations were fairly low, below screening values that are 

based on MCLs. These compounds are mobile in groundwater. but they were not detected in 

wells further downgradient. It is likely that the chlorinated ethylenes are degrading more than 

migrating. For this reason, and because the concentrations are SO low, they do not appear to 

represent a threat to human health or the environment. 

1, I ,2.2-PCA was detected consistently in 2-GW- 12, that is located approximately 100 

feet to the south of the separator pit. There is no MCL for this compound; therefore, its 
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screening value (0.052 pg/L) was based on its RBC. It does not appear that this represents 

contamination more significant than the ethylenes. although its concentration did exceed a 

conservative screening value. It was not detected in wells 2-G W- 10 or 2-G W- 13, that are 

approximately 100 and 200 feet downgradient, respectively. It is likely that 1,1,2,2-PCA is 

degrading before reaching these wells. The low concentration and small area impacted imply 

that it is not a threat to human health or the environment. 

BTEX Compounds 

Ethylbenzene and xylenes comprise two of the four BTEX compounds. Structurally, 

these compounds are very similar, consisting of a benzene ring (a six carbon, six hydrogen ring 

in resonance). Ethylbenzene replaces one of the hydrogens with an ethyl group, and xylenes 

replace nvo of the hydrogens with methyl groups. Xylenes represent a group of three 

compounds, ortho-. meta- and para-xylene, depending on whether the methyl groups are in the 

12; I .3; or I,4 positions, respectively. 

Because these compounds have similar structures. they also have very similar 

properties. The most dominant physical characteristics are their large vapor pressures (7 and 1 1 

mm Hg) and Henry’s Law constants (0.3 I8 and 0.49 I). These compounds readily volatilize into 

the atmosphere, both from surface water and surface soil systems. They have moderate solubili- 

ties, and their detection in rainwater mdlcates that wet deposmon may be the dominant removal 

mechanism: however. they revolatilize rapidly. They may not be transported over long distances 

because of their rapid transformation rate in the atmosphere. These compounds have a moderate 

tendency to sorb, with retardation factors around 50. Therefore, they will migrate considerably 

slower than groundwater. but they will migrate. 

These compounds may undergo transformation reactions in any media. In the 

atmosphere, the primary transformation mechanism is oxidation via hydroxy radicals. From soil 

and water. biodegradation is the most important transformation process. Aerobic biodegradation 

vf BTEX has brer~ &served in buth soils and water and is ras~~st at high concenrrations. 

Degradation products are typically cleaved metabolites like diols and catechols. Xylenes 

degrade more slowly under aerobic conditions, but degrade I eadily undet~ anaerobic, denitrifying 

conditions. Rapid degradation has been noted in landfill leachate, that tends to be anaerobic. ’ 

All ofthese compounds were detected several orders of magnitude below their screening 

value. They are discussed only because they were detected in well 2-GW-8, which showed other 

contamination consistent with waste petroleum contamination. These compounds can be 

expected to migrate somewhat, but, because they move considerably slower than groundwater 



and are susceptible to degradation, they are unlikely to migrate off site. and if they do, they will 

discharge to Happy Valley Branch within a short distance. where they are susceptible to 

volatilization. 
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Table 4-1 

SITE 2 - FIRE TRAINING AREA 
MONITORING WELL CONSTRUCTION DATA 

Well # 
Ground Total 
Surface Depth 

Top of 
Bedrock 

Top of 
Inner 

Casing 

Top of 
Outer 

Casing 

Mlnximum Vnrintions 
in Writer Levels 199-1 

Feet Dates 

l Well nbandoned by rumsdial activities prior to August 1994. 

4-57 
recycled paper 
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ANAL17lCAL RESULTS 
SITE 1: FIRE TRAINIKC AREA 

SURFACE WATER 

Ii 
Gi Samplc 

z 
Sample Dale 

m vocs (JIgA-) 
a acccmnc 

x carbon disultidc 
T3 m 

BNAs (r@) 
bir(2ahylbcxyl) phduJalc 

Paticid&CBs (rr/l,) 
4.4.DDD 
4,4,-DDE 
4,4’-DDT 

TPIIC (mm) 

r2-SW-5 
Fcb9 I 

ND 
ND 

20 

ND 
ND 
ND 

ND 

NA 

105 0 
ND 
20.6 
ND 
ND 

10900 0 
ND 
ND 
ND 

227 0 
I4 I 

42800 
214 
ND 
ND 

979 0 
7620 0 

ND 
20 7 

IQ-SW.5 
Aug.91 

ND 
ND 

ND 

ND 
ND 
ND 

NA 

I3 

107 0 
ND 
31.0 
ND 
ND 

2l6000 
ND 
ND 
ND 

148 0 

P2.SW-6 
Fcb9l 

ND 
ND 

70 

I40 J 
40 J 

160 J 

ND 

NA 

33200 0 
58.3 

867.0 
I6 

234 0 
38700 0 

809 
48 5 

435 0 
148EtO6 

151 
64100 

90 
ND 
ND 

17iw10 
9410 0 

ND 
16 

498 0 
152000 
3350 0 

0 52 
23 5 

4830 0 
5670 0 

513 0 
3J90 3 

P2-SW-t 
Aug-91 

NC 
NC 

NC 

21 
ND 
ND 

NJ, 

I .2 

7720 0 
64 

2160 
I .I 

ND 
1900000 

ND 
127~3 

44 
I85000 

402 
67wOO 

7080 0 
ND 
394 

61900 
I48000 

269 
3700 

P2-SW-7 
Fcb9l 

ND 
ND 

40 

0 I5 
ND 
ND 

ND 

NI 

1570 
NJ 
17.6 
ND 
ND 

176ao 
ND 
ND 
ND 

12ICO 
19 J 

456x0 
1510 

ND 
ND 

13300 
72MlO 

M) 
19 

P2-SW-7 
Aug.91 

IiD 
ND 

ND 

081 
ND 
ND 

NA 

36 

4420 0 
47 

lo90 
NC 

82 
299000 

146 
20 0 
I58 

421000 
81 9 

5800 0 
I630 0 

ND 
I94 

I1600 
7330 0 

29 8 
1280 

P2-SW-8 P2.SW-8D 
Fcb9l FcbP I ___ - 

ND 
ND 

50 

ND 
ND 
ND 

ND 

NA 

3350 
ND 
289 
ND 
ND 

119000 
ND 
ND 
ND 

6670 
34 J 

51900 
57 8 
ND 
ND 

924 0 
85900 

ND 
I4 2 

ND 
NC 

60 

ND 
ND 
ND 

ND 

NA 

II2 0 
ND 
25 5 
ND 
ND 

IIF 
ND 
ND 
ND 

247 0 

PZtiW-8 
Aug-91 

ND 
ND 

ND 

ND 
ND 
ND 

NA 

ND 

98 7 
ND 
30 5 
ND 
ND 

195(x) 0 
Nl) 
ND 
ND 

1700 

2.SW-I 
Feb.94 

ND 
20 J 

IO J 

ND 
ND 
ND 

NA 

ND 

47 2 
ND 
25 4 
ND 
ND 

1!5cQO 
35 

NC 
ND 
86 9 

21 J 41 J ND 
51200 7560 0 !1000 

26 4 28 0 138 
ND ND ND 
ND NII 64 

I(900 I2000 ND 
8C50 0 10200 0 61500 

ND ND NI) 
I4 4 81 I 57 J 

2.SW-I 2.SW-4 
Aug.94 Feb94 

ND ND 
ND ND 

1.0 J 120 

ND ND 
ND ND 
ND ND 

NA NA 

ND ND 

122.0 50.4 
ND ND 
28 0 I5 I 
ND ND 
ND ND 

I45000 173000 
ND ND 
ND ND 
ND ND 

207 0 4670 J 
29 ND 

6320 0 42500 
300 I220 
ND ND 
ND NU 

14200 ND 
9200 0 5440 0 

ND ND 
I440 J 36 J 

2.SW-4 
Aug.94 

60 J 
ND 

ND 

I8 
ND 
ND 

NA 

I 48 

3540 0 
2.8 

906 
041 
ND 

28500 0 
80 
48 

200 
I06000 

58 0 
48500 

679 0 
0 55 

71 
42100 
45100 

I5 I 
1080 J 

CRQU 
CHDL 

200 
2 

2oa 
5 
5 

IfMa 
I(1 
50 
25 

IO0 
I 

5oOa 
I5 
0 

4c 
5oM 
500( 

5( 
2( 

(1) 08llJi97 
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ANALYTICAL HESULTS 
SITE 2: FIRE TRAINING AREA 

SEDlhlEKT 

PZ-SO-5 P2-SD-5 
Fcb91 Auq-91 

ND ND 

I/ 
WAS WW 
I-mcthylnaphthalcnc 
acenaphthene 
anrhracene 
bcnzo(r)anthraccnc 
bCnzo(a)pyrCllC 
benzo(b)fluoranlhene 
bcnzo(ghi)pcrylcnc 
bcnzo(k)fluoranlhene 
bis(2sthylhcxyl~phthalatc 
burylbcnzylphthtlatc 
chrywne 
di-n-burylphthaltu 
dMu+h)antJwaccnc 
dielhylphlhalste 
nuorartlhcnc 
indeno(l,2,3sd)pyrcnc 
naphlhalenc 
phcnanlhrcnc 
pyrcne 

Palicidcs/PCH! @g/kg) 
4,4’-DUD 
4.4-DDE 
4,4’sDDT 
alphachlordanc 
endosulfan sulfa~c 
rndrin aldehydc 
endrin 
heplachlor cpoxlde 

TPIIC (mgfkg) 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
NO ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

20 J SJ J 
24 J 61 J 
98 J ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND 110 

P2-SD-6 
F&-91 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

P2-SD7 
Fcb91 

ND ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

3100 J ND ND 
ND ND ND 

960 J ND IZOOC J 
3700 J ND ND 
4700 J 27000 J 2ao0c J 

17000 94000 J 65OOC J 
loo00 45000 J 2300C J 

5300 J ND ND 
ND ND ND 
ND ND ND 

7500 65000 J 45CK10 J 
ND ND ND 

la00 J ND ND 
ND ND ND 
990 J 91000 J 69OOC~ J 

11000 45000 J 2500(1 J 
1100 J ND ND 
4100 J 61000 J 46000 J 

10000 II’XJOO J 77OOCb J 

71000 c 100000 JC 33000 C I600000 JC 45000 c 
IS000 JC IIWO JC 15’00 J ND ND 
37000 JC 69000 JC 4300 J 36CGOO JC a300 J 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

ND 92 0 12000 940 0 3200 0 

PZ-SD-7 
Aug.91 

P2.SD-70 
Aug-91 

P2-SD-8 
Fcb91 

ND ND NJ 

NII 
N:, 
NJ 
N3 
NJ 
NJ 
N3 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

88 J 
iao J 
I70 J 
ND 
ND 
ND 
ND 
ND 

ND 

PZ-SD-ED 
Fcbq I 

P2-SD-8 
Aug.91 

OS J ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
HD ND 
IMD ND 
JD ND 
r(D ND 
YD ND 
VD ND 
YD ND 
YD ND 
VD ND 
VD ND 
VD ND 
VD ND 
VD ND 
VD ND 

71 J 24 J 
68 J ND 

130 J 69 J 
ND ND 
vu ND 
VD ND 
m ND 
!-ID ND 

ND 29 0 

CHQI. 

101 

33ot 
330( 
330 I 
330 I 
330 I 
3301 
330 I 
3301 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

3 
3 

c 
Background location in bold 

___. -----.-__-_____- -_ 

(1) 
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TABLE J-3 

ANALYTICAL RESULTS 
SITE 2: FIRE TRAINING AREA 

SEDlhlENl- 

Sample 
Sample DPIC 

Inorgaoics (mJkg) 
aluminum 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 
copper 
iron 
lead 
magnesium 
mangancsc 
mercury 
nickel 
pola.ssium 
selenium 
silver 
sodturn 

II vanadium 
zinc 

PZ-SB-5 
Fcb9 I 

PZ-SD-5 
Aug-91 

PZ-SD4 
Fcb9 I 

IT-SD-6 
hug-91 

PZ-SD-7 
Fcb9 I 

PZ-SD-7 
Aug.91 

PZ-SD7D M-SD 8 PI-SD-8D P2-SD-8 
Aug.91 Fcb9, Fcbal Aug.91 CHI)L 

13800 
062 
IO 7 
NV 
NV 

346 0 
60 

ND 
24 

44700 J 
36 J 

I3100 
Ii00 J 

ND 
14 8 

1130 
ND 
ND 
ND 

55 
106 J 
ND 

1470 0 
0 67 
160 
ND 
ND 

522 0 
71 

IO 5 
IS J 

278000 J 
I4 I 

789 0 
4020 J 

ND 
188 

3180 
ND 
ND 
40 8 

a7 
273 J 
ND 

5350 0 
23 

43 0 
ND 
ND 

12300 
83 
2s 

II 9 
122000 

47 6 
959 0 

843 
ND 
ND 

3870 0 
0.90 
34 a 
ND 
ND 

II600 
94 
54 
a.1 

24800 
I3 

27 I 
ND 
ND 

21500 
IS3 J 
ND 
I59 

J 
J 

J 

5710 
0 87 
ND 
ND 
I54 
230 J 
ND 

106000 J 8060.0 J 
991 94 J 

896.0 4600 
943 J 2280 J 
027 J 04 
ND ND 

705 0 259 0 
ND ND 
ND 26 
63 6 ND 
I44 I2 I 
I64 J 606 J 
ND ND 

lowOo 
. 66 

I47 0 
ND 
ND 

20300 0 
38 7 
I9 8 
49. I 

545000 J 
190.0 

2450 0 
9.52.0 J 

I31 
ND 

2360 0 
ND 

84 
339 

59 6 
2960 J 

ND 

4440 0 
I6 

54 I 
ND 
ND 

3050 0 
19.0 

59 
20 I 

175000 J 
lo00 
781 0 
3190 J 

081 J 
Nil 

704 11 
I 1 
39 

II80 
20 1 
786 J 
ND 

29000 
0 65 
23 8 
ND 

13 
843 0 

53 
20 
37 

6920 0 J 
63 J 

9210 
2310 J 

hD 
13 

226 0 

hD 
hD 
hD 

14 
310 J 
hD 

28900 
IO 

i0 2 
ND 
ND 

863 0 
91 
41 
57 

9210 0 J 
I5 5 J 

7180 
7190 J 

ND 
28 

2x)0 
ND 
ND 
ND 
98 

279 J 
NV 

IOSO a 
062 
126 
ND 
ND 

2110 
5.3 
2.0 

0.77 J 
33200 J 

71 
30s 0 
1890 J 

ND 
48 

254 0 
ND 
086 J 
ND 
44 J 

I48 J 

40 
0 

40 
I 
I 

1000 
2 

IO 
5 

20 
0 

loo0 
3 

O( 
8 

IOOC 
1 
2 

loot 
IC 
4 
a P 

b 
cyanide 

~___ - 
N Backgrouind loiation in bold 

I 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 

‘2 
10 
0 

I.4 
#O 
IO 
10 
10 
IO 
IO 
i0 
IS 



TABLE J-3 
ANALYTICAL RESULTS 

SITE 2: FIRE TKAINISG AREA 
SEDlhlENT 

I Sample Ike Fcb9J 
VW.3 ww 
1olucnc ND 

Z-mcLylnaphthalcne 
accnaphthene 
anlJwacene 
benzn(a)anlhraccnc 
bcnto(a)pyrene 
bcnzo(b)fluoranlhene 
bcwXghi)pcrylene 
bcnzo(k)lluomnknc 
bis(2tchylhexyl)phlhalale 
butylbenqlphthalalc 
chrysenc 
di-n-butylphthalatc 
diknz(ah)anlhncenc 
diekhylphthalau 
fluof-dmh~n~ 
indeno(l.2.3sd)pyrcne 

P naphthalene 
& phenanthrenc 
b.3 pyrcne 

PalicidesIPCL (p+g) 
4,4’-DDD 
4,4’-DDE 
4.4’-DDT 
alpha-chlordane 
cndosulfan sulfak 
cndrin aldehydc 
cndrin 
heptachlor epoxldc 

mic tnlflg) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
tiD 
510 J 
ND 
ND 
370 J 
ND 
ND 
280 J 
ND 
ND 
ND 
290 J 

60 J 
45 

I40 
ND 
ND 
ND 
ND 
UD 

10 0 

2.SD-2 
Feb94 

ND 

ND 
ND 
560 J 

1500 J 
70.0 J 

1400 J 
37.0 J 
40.0 J 
JO0 J 
ND 

1300 J 
ND 
ND 
ND 

3400 J 
720 J 
ND 

2600 J 
2400 J 

ND 
ND 

85 
ND 
ND 
ND 
ND 
ND 

a8 0 

2.SD-3 
Fcb94 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
400 J 
ND 
ND 
400 J 
ND 
220 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
II 0 
ND 
ND 
ND 
ND 
ND 

43 0 

2-w-4 2-SD-4D 2.SD-5 
Fcb94 Fcb94 Fcb94 ~ ___ - 

ND ND NA 

6800 J 
3200 J 

ND 
17000 J 
I5000 J 
67000 D 
IS000 J 
13000 J 

ND 
ND 

63000 D 
ND 

4400 J 
ND 

79000 D 
36000 J 

3200 J 
25000 J 
39000 D 

I2000 J 
ND 
ND 
ND 

21000 J 
2700 0 J 
II000 J 
29000 J 

8600 J 
ND 

smo 0 
ND 

2000 J 
ND 

120000 J 
29000 J 

4600 J 
ND 

42000 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

16000 cc 
1600 J 

890 J 
ND 

I800 J 
ND 
770 J 
J40 J 

20000 CD 
2200 J 

ND 
470 J 

6100 J 
1800 J 
1000 J 

600 J 

ND 
ND 

90 
ND 
ND 
ND 
ND 
ND 

s3ooo 0 %OOOO NA 

2.SD-6 2-w-l 2-SD-8 
Fcb94 Fcb94 FcbJ4 ___ ___ ___ 

NA NA 

ND ND 
NO ND 
ND ND 
NO ND 
ND ND 
ND ND 
ND ND 
NO ND 
490 J ND 
NO ND 
ND ND 
NE ND 
NC ND 
NC ND 
NC ND 
NC ND 
NC ND 
NC ND 
ND ND 

SE00 0 CD I5000 I) 
6100 C 2000 D 

150000 CD 9700 D 
NC ND 
NE ND 
NC ND 
NC ND 
NC ND 

NA NA 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
67 0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

J 

140 J 
3100 
lb00 

ND 
ND 
ND 
ND 
ND 

NA 

2-SD-8D 
Fcb94 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
79.0 J 
ND 
ND 
61.0 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

II00 
4800 
2500 

ND 
ND 
ND 
ND 
ND 

NA 

2-SD-9 
Feb94 

NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
69 

22 0 
ND 
ND 
ND 
ND 
ND 

NA 

Z-SD-IO 
Feb94 

-4 
CR L 

NA 

ND 
ND 
ND 
ND 
32 0 
400 
ND 
ND 

110.0 
1100 

42 0 
ND 
ND 
ND 
a4 0 
ND 
ND 

6401 
56.0 J 

97 J 
130 
49 0 
ND 
ND 
ND 
ND 
ND 

NA 

10.0 

3300 
3300 
3300 
3300 
330.0 
330.0 
3300 
3300 
330 0 
330 0 
3300 
330.0 
330 0 
3300 
3300 
330.0 
3300 
330 0 
330 0 

33 
33 
33 
17 
33 
33 
33 
I7 

50 

(3) 08/l 3197 



[i----- TABLE 4-3 
ANALYFICAL RESULTS 

SITE 2: FIRE TRAINIKG AREA 
SEDIMENT 

Sample 
Sample Dale _ 

Inorgaoicr (mfig) 
aluminum 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
COball 

=uppcr 
iron 
lcad 
magnesium 
IlUllgUlCS~ 
ITWCU~ 
nickel 
polassium 
selenium 
silver 
sodium 
vanadium 
?.illC 
cyanide 

2.SD-I 
FCb44 

21700 
062 J 
I5 3 
a 22 
ND 

4JJlO 
43 
48 
48 

54500 
208 J 

10000 
2130 J 

ND 
80 

ND 
ND 
ND 

7000 
90 

184 J 
ND 

2-SD-2 
Fcb94 

3710 0 
082 J 
30 3 
0 38 
ND 

8130 
63 
58 
88 

6980 0 
125 I 

11100 
2860 J 

ND 
97 

13800 
ND 
ND 
ND 
I32 
422 J 
ND 

2.SD-3 
Fcb94 

17400 
083 J 
27 2 
0 24 
ND 

3700 
42 

II 0 
J3 

5890 0 
85 J 

893 0 
3860 J 

ND 
84 

12100 
ND 
ND 
ND 

91 
339 J 
ND 

2-SD-4 2-SD-4D Z-SDS 2.SD-6 2-SD-7 Z-SD-8 2.SD-SD Z-SD-9 2.SD-IO 
Fcb94 Fcb94 Fcb94 Fcb94 Feb91 FebN Fcb94 Feb94 Fcb94 CRDL l ~~~~___-~~-- 

5490 0 
21 J 

57 4 
0.47 
ND 

1980 0 
I2 I 

73 
29 2 

120000 
14s J 

I2500 
1140 J 

ND 
81 

ND 
ND 
ND 

654.0 
36 6 

127.0 J 

!4 

5740 0 NA 
29 J . NA 

607 NA 
051 NA 
ND NA 

2290 0 NA 
II 4 NA 
7.7 NA 

29 2 NA 
126000 NA 

1610 J NA 
12400 NA 

!220 J NA 
ND NA 
79 NA 

ND NA 
ND NA 
ND NA 
ND NA 
34.0 NA 

1360 J NA 
1.2 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N.4 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
hA 
bA 
t-A 
hA 
HA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 40( 
NA 01 
NA 40( 
NA I( 
NA I( 
NA looo~ 
NA 2( 
NA lO( 
NA S( 
NA 20 t 
NA 0: 
NA lOOOf 
NA 31 
NA 00 
NA 81 
NA 10001 
NA 21 
NA 2.1 
NA loool 
NA 101 

NA II 
NA 0. 

ND = Analytc Mow sample detection limit 
J = Estimated value 
D = Result conlirmed by using a serial ddution analysis 
C = Resuh conlimwd by repeal analysts 
C!tQL = Conuact required quantlficacmn limit 
CRDL = Contact rcqulrcd detection llrnll 

(4) 



ANALrrlCAL RLs”LT5 
SrrE 1: r,RL TRAINING ARU 

CROUNDWATLR 

ND 
No 
ND 
ND 

w 
IO I 

ND 
No 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Ml 
NA 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
till 
ND 
ND 
ND 

ND 
ND 

NO 

NA 

ml 
ND 
ND 

w 
ND 
ND 
ND 
ND 
No 
No 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
160 
ND 
ND 
ND 
ND 
ND 
ND 
ml 

ND 
ml 

NA 

ND 

l-ow-IO 
Iudld-9, 

No 
ND 
No 
ND 
ND 
ND 
ND 
Ml 
ND 
Ml 

ND 
ND 
w 
w 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
Ml 
No 
ND 
ND 
ND 
ND 
ND 
ND 

Ml 
ND 

NA 

ND 

1-Gw.l 
A”‘.9l 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ml 
No 

Ml 
ND 
ND 
NT 
NT 
MI 
w 
NC 
NT 
Ml 
ND 
ND 
N1 
ND 
ND 
hll 
ND 
ND 
No 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
Ml 

Nh 

ND 

Icw.l 
I&T94 

ND 
No 
No 
Ml 
ND 
w 
NTJ 
ND 
ND 
ND 

HD 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
,,O 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

l&w.! 
MU-PI 

ND 
ND 
w 
ND 
ND 
w 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
hD 
ND 
ND 
ND 
ND 

143.I 
lUn.94 

ml 
ND 
ND 
ND 

.w 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
No 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

10 I 
ND 
ND 
ND 
ND 
ND 
ND 

‘0 I 110 
ND ND 
ND ND 
ND No 
ND ND 
ml ND 
ND ND 

ND W 
ND hP 

NA NA 

ND ND 

ION., 
AUI-P( 

ND 
ND 
ND 
ND 
ND 
ND 
MO 
ND 
Ml 
ND 

Ml 
ND 
ND 
ND 
ND 
No 
ND 
ND 
ND 
Ml 
ND 
ND 
ND 
ml 
ND 
ND 
ml 
ND 
ND 
ND 
ND 
w 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

1GW.I 
Da-94 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
1*0 
ND 
ND 

No 
ND 
ND 
ND 
ND 
Nu 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

100 
100 
100 
100 
100 
100 
100 

ND 100 
ND 100 
ND 100 
ND 

90 I 110 

100 
100 
100 
100 I 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 

NA NA 

N” ND 

100 
100 
100 
100 
IO0 
100 
100 
100 

00, 
01 

IO 



ND 
II 9 
ND 
ND 

ll,C=JO 
No 
ND 
ND 
ND 
ND 

64900 
ND 
ND 
ND 

lo930 
ND 
ND 

1690 0 
ND 
ND 
ND 
ND 

)I0 I 
No 
ND 
14 5 
ND 

,I I 
li5rnO 

ND 
ND 
20, 

101 I 
65 

11600 
11, 

ND 
No 

10100 I 
ND 
ND 

RlOO 
ND 
ND 
176 I 
ND 

046 
554 
ND 
lib 
ND 
ND 

I,maO 
JO, I 
ND 
ND 
6JO 

I5 I 
7mo 

16 1 
ND 
ND 

,150 
ND 
ND 

9,500 
ND 
No 

81 
ND 

JGW-ID 
JdJd.91 

12 *  
ND 
ND 
11 5 
ND 
ND 

ll4COO 
ND 
ND 
ND 

I.50 
ND 

15000 
ND 
ND 
ND 

WI0 
ND 
ND 

6010 0 
ND 
ND 
ND 
ND 

1550, 
ND 
ND 

II I 
ND 
ND 

lJ,WO 
NC 
w 
NC 
IIT J 
NC 

nboo 
Ml 
NC 
Nil 

10900 
ND 
ND 

UIO, 

No 
ND 
9, 

ND 

506 
ND 
ND 
111 
ND 
ND 

1-0 
ND 
ND 

51 
,150 

ND 
1610 0 

47 
ND 
ND 

llrn0 
ND 
ND 

9590 0 

ND 
NTJ 
146 J 
ND 

401 
ND 
ND 
12 I 
011 
ND 

lJ1000 
ND 
ND 
ND 

III 0 
ND 

ll600 
2, 

No 
ND 
No 
ND 
ND 

,*ca 0 
ND 
ND 
IJ 7 
ND 

51, J 
ND 
ND 
16 J 

.m 
ND 

l5CCOO 
ND 
ND 
ND 

,140 
ND 

76eO 0 
J5 J 

ND 
ND 

14400 
ND 
ND 

67800 1 
ND 
ND 

416 J 
ND 

21 I 
ND 
ND 
2: B 
ND 
ND 

IJxx)O 
ND 
ND 
JI I 
76 2 

4, 
moo 

ND 
ND 
ND 

11100 
ND 
ND 

$0500 
ND 
ND 

u)IO J 
ND 

15 9 
ND 
ND 
16 4 
ND 
ND 

,,lu)O 
ND 
ND 
ND 

,010 
II 

7780 0 
7J J 

ND 
6, 

11100 
ND 
ND 

,510 0 
ND 
ND 

4110 I 
NA 

Jl5 J 

ND 
ND 

I+ccaO 

ND 

ND 

ND 

ND 
ND 

1100 

211 1 

ND 
1olo 0 

15 
ND 

55 
IOU20 

ND 
ND 

1710 0 
ND 
ND 
J. 5 
ND 

ND 

ND 

ND 
l7KOO 

ND 

ND 
ND 

ND 

I6 
I67 

lOI I 

ND 
8,100 

4, 
NO 
ND 

IDO0 
NIJ 
ND 

94100 
ND 
ND 
JI 6 
NA 

IGW-I lGW.IP 
De94 De.94 

-----I 

CUDL 

ND 
ND 
ND 
19 5 
ND 
ND 

169000 
ND 
ND 
ND 
959 
ND 

IlJO 0 
26 

ND 
ND 

,110 0 
II 

ND 
9210 0 

ND 
ND 
119 I 
ND 

ND 
ND 
ND 
ne 
ND 
ND 

16600 0 
ND 

51 J 
45 

10 J 
ND 

16900 
16 

ND 
ND 

I.500 
ND 
ND 

IWO 
boo I 

10 
2000 

,o I 
50 

Km0 II 
100 
500 
150 

I000 
IO I 

5mOO 
150 a 

99mo I 
ND 
ND 
I,, J 
NA 
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a7 
hII 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
No 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

101 
W 
70 I 

ND 
h-D 

2 
101 

ND 

ND 
No 

HA 

,I 

ND 
ND 
No 
ND 
ND 
No 
ND 
ND 
NO 
ND 

ND 
ND 
ND 
ND 
No 
No 
ND 
ND 
ND 
ND 
No 
No 
ND 
ND 
No 
hD 
No 
ND 
ND 
No 
ND 
No 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
No 
No 
ND 

No 
ND 
ND 
ND 
ND 
ND 

100 
100 
100 
100 
100 
kO0 
100 
100 
100 
100 
100 
100 
100 
100 
100 

ND 
ND 
ND ND 

ND 
ND 
ND 
NA 
No 
ND 
ND 
ND 
No 
ND 
No 
ND 
ND 
ND 
ND 
ND 

No 
ND 

IO 1 
ND 
No 
ND 
ND 
ND 
No 
ND 
ND 
ND 

ND 
ND 

ND 

NA 

ND 
hP 

NA 

w 
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TAILL 44 
ANALrTJCAL FlUULTs 

SrTL 1: FlJlL TL4JNINC ARL.4 
CROU~DWATLR 

1&W-6 

-EL 

NO 
No 
NO 

I*1 I 
ND 

pt, 
ND 
ND 
II 6 
ND 
ND 

111000 
ND 
ND 
ND 

SJJ, 
ND 
ND 

21 I 

.NJJ 
ND 

119000 
ND 
ND 
ND 

IMO 
600 
100 R 

‘A 
ND 
110 
ND 

NO 

11 1 
No 
ND 

1J,WO 
91 

ND 
ND 
74 9 
ND 

WOO 
JO) I 
ND 
ND 

1010 0 
ND 

J1 
1,100 

ND 
NLY 
70 I 

ND 

II 1 
ND 

19 I 
ND 

479 

ND 

ND 

Ill000 

J7,O I 

ND 

ND 

ND 
ND 

ND 

ND 

11000 

NO 
61IOO 

ND 
ND 

11700 
ND 

ND 
l,PmO 

No 
,.JCOO 

41 
ND 
ND 

1110 
I1 

n,oo 
10 I 
ND 

?’ 
lJOO? 

ND 
ND 

94800 I 
ND 
No 

I, 
ND 

JO 
IWOO 

JO0 
900 
110 a 

ND 

410 

ND 

ND 

ND 
II J I 

No 

9, I 

No 
YJOO 

ND 
10100 1 

ND 
ND 

JOJO 0 
ND 

IWO 
ND 

IrnO 
JO 

IWO0 
110 I 

67930 
JJ 1 

ND 
ND 
ND 
ND 
ND 

69400 1 
ND 

01 
400 

JCOJO 
100 
100 

JCWO 
10 

,oo 
20 0 

ND 
146 
ND 

ND 
147, 

ND 
102 I 

ND ND ND ND ‘ooll 

““. _s.-.._.- - .__.... _ ...“l-.-_-. _..” I 



0 
,O 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
0, 
01 
01 
01 
01 
01 

a* 

“Y 

aN 
(111 

aN 
(1N 
a* 
aA 

09 
“I( 
ay 
au 
ati 
(IN 
OH 
M 
m 
CN 
ui 

ui 
o( 

aN 

VN 

M 
UN 

ON 
M 
M 
M 
M 
M 

IO1 
aN 
aN 
(1N 
(1N 
aN 
GIN 

rot 
M 
ON 
M 
aN 
M 
M 
M 
(IN 
M 
M 
aN 

aN 
(IN 
aN 
M 
M 
(1N 
aN 
(1N 
ON 
aN 

(IN 

“N 

aN 
(IN 

(1N M 

“N “N 

M M 
ON M 

M 
aN 
aN 
M 
M 
M 
flN 
M 
M 
M 
aN 
aN 
M 
ab4 
M 
M 
OH 
aN 
M 
M 
M 
ON 
M 
M 
M 

M w 
aN M 
M (IN 
(1N (1N 
M M 
aN (1N 
M M 
M IIN 
M M 
M M 
aN M 
M M 
M M 
M M 
M M 
aN M 
ON (1N 
M M 
M M 
M M 
M M 
M aN 
M M 
M (IN 
M M 

M 
M 
M 
M 
(IN 
(1N 
M 
M 
M 
M 

b6-w 
aL’M9-2 

M M 
M aN 
(1N M 
M M 
M M 
M ati 
M M 
M (1N 
M M 
M M 

Yav -iFT 
L’mm (u-h92 

as 

VN 

M 
M 

M 
M 
M 
M 
M 
M 
M 
at4 
M 
M 
M 
M 
M 
M 
M 

w 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 

M 
M 
M 
M 
M 
ON 
M 
M 

-ix=? 
L.M!31 

M 

YN 

aN 
ax 

aN 
(IN 
M 
M 
M 
M 

I01 
aI4 
M 
M 
aN 
M 
M 
M 
M 
aN 
(1N 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 

M 
M 
M 
M 
M 
M 
(IN 
M 

(1N 

VN 

(IN 
aN 

(1N 
M 
M 
M 
M 
M 

, Of 
M 
(IN 
M 
M 
M 
M 
ON 
M 
M 
M 
M 
aN 
M 
M 
M 
M 
M 
aN 

(IN 
M 
M 
M 
M 
M 
aN 
aN 
M 
w 

aN 

YN 

M 
aN 

M 
M 
aN 
M 
M 
M 
M 
M 
M 
aN 
M 
M 
“N 
M 
M 
M 
M 
M 
M 
aN 
M 
M 
M 
M 
M 

ON 
aN 

M 
(IN 
aN 
M 
M 
aN 
(IN 
M 

II-~nv 
i.-m3I 

av 

au 
aq 

at4 
M 
w 
OI 
04 
u4 
(H 
oy 
(bl 
o( 
M 
m 
w 
cw 
aN 
aN 
ON 
(IN 
aN 
ON 
CN 
CN 
CN 
CN 
aN 

(IN 
at4 

co4 
aN 
ON 
(IN 
ON 
ON 
w 
ON 

1til”,P, 
L~MPZ 

(1N 

“N 

(1N 
aN 

M 
M 
aN 
M 
aN 
M 
(1N 
aN 
M 
aN 
(1N 
ON 
YN 
at2 
(1N 
M 
M 
M 
(1N 
M 
ah 
at. 
ah 
ah 
ah 

ah 
afi 

aN 
aH 
ah 
aN 
aH 
arl 
at4 
aH 

VN 

M 

M 
(1N 

aN 
aN 
M 
aN 
(1N 
M 
M 
M 
M 
M 
M 
M 
“N 
M 
aN 
M 
(IN 
aN 
M 
M 
aN 
ON 
aN 
M 
M 

M 
aN 
M 
aN 
M 
(1N 
(1N 
(1N 
ON 
aN 

7zi- 
l-he-1 



_- 
TABLE44 

A?(AL1-rICALRCSULTs 
S,TC I: FIRE TRIINLYC AREA 

GROUhoWArLR 

lGWZ=O 
*  

ICW.1 
00-94 

aGw.79 l.GW.7 

ocl-94 De.29, 

Iav.7 

F&91 

ND 
ND 
NO 
10 I 
No 
NO 

3lWO 
No 
ND 
II 5 

,170 
ND 

wcao 
IS7 
No 
Ml 

xx.7 lCW.7 7m-7 J&w-7 zGw.7 lcw.7 xwrn l&W~7 IGW-7F 
Apc91 ldJul.91 A”‘.91 In-94 Mu44 Ib0.94 I*94 AU,.94 A”‘.94 

lGw~7F 
Dec.94 CRDL 

418 I 
NO 
No 
11 I 

L34 
ND 
hD 
13% 

1410 SOP 
ND No 
ND Ml 
II6 II 9 
No No 
ND Ml 

675-20 97000 
ND ND 
ND ND 
ND ND 
188 I ,800 

I6 I No 

I9 I 
ND 
ND 

27 I 
ND 
18 

l,lCOO 
I9 

No 
ND 

1110 
ND 

567 
No 
No 
1, I 
ND 
No 

IlUJOO 
ND 
No 
hu 
710 I 
ND 

wloo 
42 J 

ND 
ND 
ND 
ND 
No 

alJo I 
Ml 
M7 
97 I 

No 

600 
ND 
No 
116 
ND 
ND 

,,*mo 
No 
No 
ND 

1110 I 
No 

11 I 
ND 

19, 
ND 
No 

II 1 
ND 
ND 

9179 0 

666 
ND 

91 , 
NTI 

III I 
ND 

1100 ND 
No ND 

ND loo 
ND WI 

No 
111 

No 
10 9 
0 76 
ND 

wo 0 

ND 
I8 I 
(13 
ND 

9,500 
ND 
ND 
11 

100 
HO 

4,wo 

No 
UC J 
Ml 
ND 

9,MO 
Ml 
Ml 
ND 

ND tm 
110 J lo, 
ND MJ 
ND No 

9,JO 0 ,110 0 
ND ND 
ND ND 
II ND 

157 1010 
ND ND 

,970 0 4,600 

ND II 
I71 Zool 
No I, 
ND II 

,190 0 loo0 
ND 101 
II, lo 

ND 111 

ND 
“0 

fm 
HD 

ND 
ND 

,llo 0 loco00 
No 
No 
11 I 

191 I 
ND 

3:000 
108 I 
NO 
NO 

97,, 0 
I9 

nD 
Nfl 
lbl I 
ml 

Ml>0 
0 I 

m 
uo 

ND 
ND 

ND 
No 

ND 
ND 

ND 
,I, 
I1 

6, 
II 7 
ND 

ND 
14 0 

36 
9X00 

1660 
ND 

111 ICQ 
No ,I 

44000 ,1lOO 
No I6 
ND ND 
ND ND 

69100 
77 

48800 60400 4,800 49900 - 44 I No II I II 
NR ND ND m 
ND No No No 
No zI,O 9160 mo 
No ND ND ND 
ND ND ND No 

79800 J 7,m 0 9,070 81700 
No Ml No ND 
ND ND ND ND 

7J J 111 I 1190 I 171 I 
ND hII NA ND 

79 I 71 16 74 ,I 
No ND NO ND ND 0 
.m ND ND ND ml 40 

730 070 7110 800 9980 IcaJ 
w 16 I ND ND No 10 
YD ND ND ND Ml 10 

7mO 0 ,,I00 l0l000 97900 1ouQo1 5ooo 
YD ND ND ND ND 1 
VD ND ND m ND lo 

12, 0 , 101 I9 6 9,. I oe I lo 
L(A ND NA ND NA IO 

No 
ND 
ND 
ND 
No 

96640 I 
No 
ND 
1,9 

Ho 

,010 
ND 

,170 J No 
No un 

III 0 No 
No ND 
ND No ND 

9,700 
No 

tm 
,*x)0 

No 

MD 
pwo 

!m 
11900 98700 

ND No 
ND 
,,I I 

no 
90 1 

ND No 
IO I I91 1 
ND ND No hn 
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TAILC a.4 

ANALnlCALRFs”Lls 
SrTC *: FIRC TRAINING ARU 

CROUNDHATCR 

IQW-9 

F&91 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 
ND 
NTJ 
ND 
ND 
ND 
ND 
ND 
ND 
HA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

NA 

I-GW-9 
AW.9, 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
Ml 
Nu 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

NO 

lGW.*D 
Apf-91 

Nl 
w 
ND 
tm 
ND 
ND 
ND 
lm 
ND 
ND 

ND 
hD 
hD 
t.D 
I-D 
t.D 
t.D 
hD 
hD 
hD 
hn 
ND 
HA 
UD 
mJ 
ND 
HD 
HLI 
ml 
fm 
nD 
ND 
nD 
HD 
tm 

ND 
ND 

IA 

HD 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

lGw.9 
Aug.91 

ND 
ND 
ND 
HD 
ND 
ND 
ND 
W 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

w 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IO I ND 
ND ND 
ND ND 
ND 10 1 
ND ND 
ND ND 
ND ND 
ND ND 
Ml ND 
W ND 

6 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
hD 
ND 
ND 
ND 
ND 
NTJ 

No 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

Ml 

&Gw-9 
Ilm.94 -SE!& 

ND 10 
ND IO 
ND IO 
ND IO 
ND IO 

‘ND IO 
ND 10 
ND IO 
ND IO 
ND IO 

ND IO 
ND IO 
Ml IO 
ND 10 
ND IO 
ND 
ND 
ND 
ND 
ND 
NTl 

10 J 

IO 
IO 
IO 
IO 
10 
10 
IO 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
hP 
ND 
ND 
ND 
hn 

IO 
IO 
10 
IO 
IO 
IO 
IO 
10 
IO 
10 
IO 
IO 
IO 

KD OC 
tiD 0 

WA 
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TABLE.4 
ANALI~ICALRLSULTS 

srrc I: FIRL TRAINING ARU 
CID”HDUATER 

- 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 

NA NA 

ND ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
HD 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Ml 
ND 
Nu 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

hD 
hD 
hD 
hD 
hD 
hD 
hD 
ND 
hD 
t.D 

t.D 
PD 
hD 
hD 
ND 
ND 
hQ 
fill 
ND 
lm 
UD 

10 I 
lm 
m 
ml 
ND 
UD 
w 
m 
lm 
ND 
ND 
ml 
ND 
NLI 

ND 
HD 

MA 

“D 

ND 
ND 
ND 
ND 
ND 
ND 
M3 
ND 

hu 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
10 I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

IGW.lOD 
AU, 94 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

No 
ND 

HA 

ND 

*ciw.lo 
& 

ND 
ND 
ND 
ND 
NTJ 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

24iw~IO 
DC.94 

ND 
ND 
ND 
ND 
ND 

‘ND 
ND 
ND 
ND 
ND 

ND 
ND 
hQ 
ND 
ND 
ND 
ND 
w 
ND 
ND 
Nu 

10 J Ml 
ND ND 
w ND 
ND Ml 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
Ml ND 
ND ND 

ND h-D 
ND ND 

NA NA 

ND hD 

CRQL 

IO 
IO 



ANALiTICALRCSULTS 
S‘TC I: FUN. TRllNlNC ARC.4 

CRDUNDYATPR 

ICW.IO 
In.94 

4‘10 0 
ND 
ND 

176 
ND 
ND 

~1100 
I97 
ND 
6, 

115000 
ND 

76600 
,740 

ND 
6, 

11500 
ND 
ND 

4,100 
ND 
ND 

134 
015 
ND 

117300 
II 3 
ND 
ND 

loo00 
14 

wm 0 
,510 

ND 
I*9 
ND 
ND 
18 

LGN.IO 
km.94 

,X40 
t.D 
bD 
IS9 
t.D 
tm 

WY0 
II 

t.D 
JO 

15990 
27 

4t?40 
616 
ND 
ND 

,lRbO 
ND 
ND 

JXW-IOD 
bm.94 

17900 
ND 
ND 
I,0 
ND 
ND 

1,800 
‘4 

ND 
11 

46lOO 

J&W.IOD 
A”,.94 

5,* 0 
ND 
ND 

ZCW-IOFD 
*.u*-94 

PO4 I 
Ial 
ND 
IO9 
ND 
ND 

‘1600 
ND 

IGW.,O 
Da.94 

laxI 
ND 
ND 
197 
ND 
ND 

moo 
96 
4, 
‘I 

7490 0 

ND 
ND 
ND 
91 

ND 
‘ND 

77X00 
ND 

“500 
ND 

ND 
ND 
ND 
II6 
ND 
ND 

,550 0 
ND 
ND 
ND 
‘4 

ND ND ND ND ND ND ND IO’ 
ND ND ND ND ND ND ND 10’ 

207mo I I5uI)O I I59000 J t-0 Pxmo l7lOOO IWO0 ll,WO ll9OJO 5ooo 
ND ml ND ND NTI ND ND ND ND 1 
ND MD 58 I19 ND 8‘ ND ND ND 50 



AN.4LITIC.4LRLsULls 
SITE I: FIRE TRAMJNC AllEA 

CRDUtiDUATCR 

ND 
NV 
ND 
ND 
ND 
ND 
ND 
ml 

NV 
w 

Ml 
ND 
ND 
ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
NV 
ND 
ND 
NV 
ml 
IO 1 

110 
ND 
ml 
ND 
ND 
Ml 
ND 

ND 
Ml 

NA 

II 

m 
m 
m 
NJ 
m 
m 
NJ 
KD 
m 
m 

ND 
ND 
hD 
hV 
hV 
hV 
t-D 
hD 
I-D 
hD 
FD 

10 I 
hD 
ND 
till 
JiD 
ND 
KD 
II 0 
ND 
ND 
KD 
KD 
KD 
ml 

till 
K7l 

HA 

ml 

ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
NV 
ND 
ND 
ND 
ND 
w 
NV 
ND 
ND 
ND 
ND 
ND 
ND 
I,0 
ND 
NV 
ND 
hn 
ND 
ND 

ND 
ND 

NA 

ND 

JGW.,, 14w~ll 
Da.94 Da.94 CROL 

ND 
ml 
ND 
ND 

10 
10 
10 
10 
IO 
10 

NV 
ND 
NV 
ND 
NV 
160 I 
NV 
ND 
NV 
NV 

w 
NV 
ND 
Ml 
ND 
ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
till 
100 
ND 
ND 
ND 
ND 
Ml 
ND 

ND 
Ml 

HA 

ND 

ND 
ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
NV 
ND 

IO I 
Ml 
ND 
NV 
NV 
ND 
JfD 
40 J 

ND 
ND 
hLI 
ND 
Ml 
ND 

Ml 
ND 

Nh 

ND 

ND 
ND 
ND 
w 
ND 
ND 

Ml 
ND 
ND 

No 
ND 
ND 
NV 
ND 
Nil 
ND 
ND 

40 J 
ND 
ND 
ND 
ND 
ND 
ND 
40 I 

Ml 

F 
NV 
ND 
ND 
ND 

ND 
NV 

NA 

ND 

IO 
IO 
IO 
IO 

10 



r omctt 
aN 
aN 

r omn.01 
at4 
aN 

00956 
aN 
M 

M 
aN 

oos,a -- 00‘S, -.. r 06x9 -. r 0m1l 0 uJ9‘1 ‘y”pQ 
Y ml 

0911 
M 
cw 
Oom 
Ow6‘ 
aN 
0 II1 

cw 
aN 
OIL6 
ON 
aN 
0 onr 
OWL< 

at4 
rw 
0‘16 
M 
KIN 

a 
all 
an 

oorl‘ 
0 OC6‘ 

ml 
CM 

aN 
aN eon, 

aN 
M 
OW91 

Oil, 
aN 
GIN 
OWOI 
0 MU 
al4 
0 w. 
6t 
OH 
aN 
0 ow6 
M 
ml 
(II 
aN 
cw 
aN 

OOl,‘ 
ON 
0 ZII 
ON 

r IS 
ON 
0 09‘6 

at4 
OZH 
ON 
w 

01 
0oLLr 
OH 
ON 
99 
om!o1 

aN 
aN 
1 II 
cw 
aN 
at4 



TABLE l-4 
AJuLIT,CALRrs”LTs 

StTti 1: FIRE TMININC AREA 
CRUUNDUATtR 

60 J 
ND 
ND 
No 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
No 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
110 
ND 
m 
ND 
NLI 
ND 
NLl 

ND 
ND 

NA 

ND 

Ml 
10 J 

ND 
ND 
ND 
ND 
ND 

ND 
Nu 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NLI 
No 
100 
ND 
ND 
ND 
ND 
No 
ND 

ND 
ND 

NA 

ND 

Kl 
Ml 

!O J 

ND 
ND 
Ml 
ND 
HD 
tm 
t.D 

hD 
I-” 
hD 
hD 
No 
m 
ND 
ND 
ml 
ml 

tm 
ND 
ND 
lm 
MD 
ID 
m 
IID 
u 0 
ND 
ND 
No 
ND 
m.2 
la7 

ND 
HD 

L(A 

YD 

80 I 
Nu 
ND 
ND 
NLI 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
NLI 
Ml 
ND 
160 
ND 
ND 
Nil 
ND 
ND 
ND 

No 
ND 

NA 

ND 

70 J 
ND 
HD 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NLI 
ND 
ND 
ND 
NLI 
ND 
ND 
ND 
ND 
ND 

IO J 
ND 
ND 
ND 
NLI 
ND 
NLI 
180 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

60 J 
ND 
ND 
ND 
Ml 
ND 
NLI 
1*0 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IO J 
ND 
ND 
ND 

Ho 
ND 
ND 
I80 
ND 
ND 
ND 
ND 
ND 
ND 

Ml 
Ml 

NA 

ND 

IO J 
NLI 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
110 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND 

10 J IO 

ND IO 
ND 10 
ND IO 
ND 10 

‘ND 10 

ND 10 
ND 10 
ND 10 
ND 10 
ND 10 
ND 10 
ND IO 
Ml IO 
ND IO 
ND 10 

160 IO 
ND 10 
NLI IO 
Ml 10 
ND IO 
ND 10 
ND 10 

ND 0, 

NLI 0 

MA 

ND 

O”IJr97 



"N 
I *PI 

(1N 
M 
OWIII 
aN 
(1N 
OOM1 
0 
aN 
III 
oolw 
(IN 
1L 
ab4 
M 
(1N 
Oocml 
aN 
(1N 
I II 
ON 
aN 
(IN 

aN M M ah aN 
ON M M ah M 
OunII 0ax.,, I OQILd, , OmL~I ,0006l1 
aN M 
M M 

M ah 
M ah 

aN 
M 
OCO‘ll 
(IN 
M 

M M 
19 M 
aN M 

I6(1 I 11 
0 OSLP 0 owe 

aN 
aN 
M 
PW 
OOlrp 
aN 
OP,‘ 
M 
(IN 
ON 
000111 
aN 

M M 
019 on1 

at4 aN 
aN M 
w aN 
OootIl OOLW, 
M M 

M aK 
M ac 
M 6I 

aN M 
,OI I61 

?l32VMaNn013 
nrv 3NINlvlu 3Llll 3 UJS 

511n!DU 1VJlUlVNV 
” ,79Yl 

--..- 



IGW~II 
Jun-94 

YD 
“0 
Y” 
YD 
ND 
LID 
no 
ND 
ND 
i-40 

ND 
ND 
Ml 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
Nn 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Nn 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 

10 J m 
ND m 
ND m 
No m 
ND m 
Ml m 
ND m 

TABLE H 
ANALITICAL W.WJLTs 

SITE 1: TI,tC TRAINING AREA 
CROUNDWATCR 

10 J 
ND 
ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
60 J 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

NA 

ND hD 
ND m 

NA hA 

ND t.D 

ND 
ND 
ND 
ND 
ND 
ND 
Nn 

IO J 
ND 

IO 1 

Nn 
ND 
Nn 
ND 
Ml 
ND 
ND 
Nn 
Nn 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
No 
ND 

60 J 
ND 
ND 
ND 
Nn 
Nn 
ND 

ND 
ND 

NA 

Nn 

ND 
Nn 

40 J 
ND 
ND 
Nn 
ND 

,mo 
ND 
No 

ND 
ml 
ND 
Nn 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IO J 
ND 
ND 
Nn 
ND 
Ml 
Nn 

10 J 
ND 
ND 
ND 
Nn 
ND 
hn 

ND 
W 

NA 

ND 

ND 
No 
40 J 

ND 
ND 
NLl 
ND 

ND 
ND 

Nn 
ND 
Nil 
ND 
ND 
ND 
ND 
ND 
NTI 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
No 
ND 
No 
ND 
ND 
ND 
ND 
ml 
ND 

ND 
ND 

NA 

HD 

IGW-II 
Do-94 ‘SQL 

ND 
ND 
ND 
Nn 
No 
ND 
ND 
Nn 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
MI 

IO J 
Nn 
ND 
No 
ND 
Nn 
hn 

ND 
ND 

NA 

ND 



14 I 
h’” 
ND 

Ilmo 
ND 
HD 
ND 

,74 0 
ND 

,370 0 
16 

ND 
ND 

,noJ0 
NLI 
ND 

I9amO 
ND 
ND 

1100 I 
ND 
ml 
III 
ND 
ND 

lwc-30 
ND 
ND 
0 

,**0 
No 

10600 
10 I 

N3 
ND 

41100 
ND 
Ml 

874 
Nil 
Mu 
16 ‘ 
No 
ND 

96Y)o 
ND 
ND 
ND 

,120 
ND 

1.00 
61 

ND 
Ml 

,9lOO 
Ml 
ND 

l,,cmO 
ND 
ND 

,000 
w 

IcN.I,F 
*  

ND 
Nu 
hn 
ND 
ND 
hll 

I010 0 
ND 
NLl 
HD 
ND 
ND 

I1100 
ml 
ND 
ND 

1no 0 
NTI 

Ho 
llooQ0, 

MD 
ND 
764 1 
NA 

I4...l, 
00-w 

IPI 
NLI 
h’D 
111 
ND 
ND 

114co0 
ND 
ND 
ND 
18 1 
Ml 

010 0 
IO 

ND 
ND 

16700 

No 
ND 

110000 
ND 
ND 
ND 
ND 

ICW-IIF 
3 

ND 
ND 
ND 
141 
NLI 
kD 

243000 
h’D 
ND 

14 
w 
ND 

474.0 0 
40 

HD 
w 

I4400 
ND 
ND 

IIUOO 
w 
ND 
hD 
NA 

ok.94 

704 
ND 
ND 
111 
ND 
HD 

NCQ30 
w 
ND 
ND 

,660 I 
II I 

I,,00 
IO 0 
NLl 
ND 

1,600 
Ial 
w 

II,000 
HD 
w 

1710 
ND 

ND 
ND 
ND 
II 9 
NLI 
ND 

luuo0 
ND 
ND 
hD 
110 I 

I8 1 
,noo 

II 
ND 
No 

11900 
w 
ND 

11moo I 
w 
ND 
II 9 
NA 

moo 
600 
IO0 

ICOO 
10 
10 

SOW0 
100 
MO 

130 
IWO 

,o 
XC00 

I,0 
01 

400 
)moO 

IO0 
IO0 

mooa 
1P 

300 
100 
100 

ou,,m7 
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Table 4-5 

!-GW-I’ 

2-GW-2W 

2-GW-3’ 

2-GW-4’ 

2-GW-5’ 

2-GW-6 

2-GW-7 

2-GW-8 

2-GW-9 

2-GW-IO 

2-G\V- I I 

2-GW- I2 

2-G\V-I3 

SlTE 2 - FlIlE TRAINING AREA 
GltOUNDWATEH ELEVATIONS 

(Feet Above Mean Sea Level) 

Feb. ‘9 I A\pril ‘91 June ‘91 Aug. ‘91 Jan. ‘9-l hlar. ‘94 hlayllune ‘94 Aug. ‘94 Oct. ‘94 Dec. ‘91 

253 8-l 261.69 259 49 256.73 262.76 264 59 262 39 260 77 258 03 257.2 I 

242.55 242 98 241.90 241.54 253.08 243 00 242 40 242.13 241 53 242.05 

2-15.97 247 22 216.17 245 56 247.67 247.62 24702 246 78 24s 97 244.49 

240.4-l 240.27 239 62 239 30 239.48 240.32 239 82 239.54 238 85 239.86 

237.19 236 21 236 21 236 01 236.85 236.71 236 53 236.45 23605 237.06 

260 36 260 I6 258 l-l 255.99 260.33 261.56 260 06 NA NA NA 

249 89 249.73 249 92 248.68 249.88 249 88 249 88 249 86 2JY I I 248.67 

249 66 249 61 2-18.26 246.82 249 56 250.56 249.36 NA NA NA 

246.9 I 247. I6 246.46 245.70 247.95 2-17.76 257 86 NA NA NA 

NA NA NA NA 239.3 I 239 46 23’) 06 238 62 237 87 238.93 

NA NA NA NA 240.62 z-lo 47 240 07 239.73 239 I4 239.37 

NA NA NA NA 237.46 237.57 237 27 236 54 23608 237.15 

NA NA NA NA 238.85 238.80 237 I8 238.21 237 77 23X.83 

* lnstdlcd by Versar in 1988 

NA = Not applicable - wlls \\ere insidled ill Lkcrwbrr 1993. 
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II TABLE 4-6 II 

I ANALYTICAL RESULTS 
SITE 2: FIRE TRAINING AREA 

SURFACE SOIL 

li- II 
SNllpk 2-ss.1 2-s-2 2-SS-2D 2-ss-3 2.SW 2-s-c-5 2x%6 2-SS-7 2-ss-8 

Sample Dale Mu-S-l hlar-94 Mar-94 Mar-94 Mar-94 Mar94 Mar-94 Mar-94 Mar-94 ~ ~ ___ - - ~ ___ - - 
PcsticidcflCBs &/kg) 
4,4’-DDD 39 J 13000.0 DC 18OOt.O DC 180.0 J II.0 J ND ND ND ND 
4,4,-DDE 26.0 14000.0 DC 20000.0 DC 250.0 J 3000 D’ 5.8 J ND ND ND 
4.4’~DDT 42.0 66000.0 DJ 77000.0 DC 580.0 J 410.0 D 4.3 J ND 3.1 J ND 
melhoxychlor ND ND ND ND ND ND ND 13.0 J ND 

Sample 2-SS.9 2-.%-I0 2-ss-I I 2-ss-I2 2.ss-I 3 2.SS.14 2-SS-I5 2-SS-16 

II Sample D;lc Mar-94 Mar-94 Mar-94 Mar-94 Mar-94 Mar-94 Mar-94 Mar-94 ____ ~ ~ ~ ___ ___ ~ - 
PoticiderlPCBs (pg/kg) 

CR L +I 
4.5 J 100.0 J 610.0 D 1200.0 D ND ND ND ND 3.3 

40.0 J 220.0 J 1200.0 D 740.0 D ND 6.1 ND 38.0 3.3 
14.0 J 40.0 J 350.0 D 1800 ND 4.7 J ND 22.0 3.3 
ND ND ND ND ND ND ND ND 1.7 



Samples wrc collocated with soil boring localions wilhthc same locator number (The las~ number in chc sample dcsignalion - 3 in sample no. 2. Ull-3) 
l&y 

ND = Analyce bc.low sample dckction linuc 
J = Estimated value. 
D = Rcsultconfirrnrd by using a scr~al dilulion analysis 

C = Resultconfirmed by rcpcat analysis. 
CRQL = Contract required quantification limit 
CRDL = Contract required dctcclion limit. 

Olll I3197 



TABLE 4-7 
ANALYTICAL RESULTS 

SITE 2: FIRE TRAINING AREA 
SUBSURFACE SOIL 

“OCS Ounce) 
I-butawnc 
acelore 
c~&~n disullide 
CthylbCllXllC 
xylcnts (local) 

Snmplc 2-GW-9.SUl 2-GW-g-S!32 ZGW-9.Sk32 2.BII-IA 
Ssmplc Dnic Fcb91 Fcb9 I Fcb9 I ~ ___ 

fk~th (n) 4-6 8-10 S-10 ___ ___ ___ 

WAS WI) 
I-methylnaphtJ&ne 
beIw;a)snlhracene 
benzo;a)pyrcne 
knzo(b)fiuoranthcnc 
knzo[ghi)perylenc 
chrystnc 
dihenrofuran ’ 
lluormlhcnc 
nuorenc 
indcno(l.2.3sd)pyrcnc 
naph~wlcnc 
phcnanlhrene 
pyrenc 

Peslicid&lVXls @g/kg) 
~ 4.4’-DDD 
I 4$-DDE 

E 4,4’-DDT 
cndrin 

II TPIIC (mgkg) 

ND 
1700 

370 
140 J 

2200 

I8000 J 
NO 

1300 J 
3800 J 
2300 J 
4800 J 
4300 J 
6SOO J 

IS000 J 
ISO’I J 

ND 
31003 
II003 J 

ND 
NO 
ND 
ND 

looo0 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
hD ND 
t.D ND 
hD ND 
VD ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 

ND 210 

Fcb9l 
o-5 

ND 
IIOOO 

ND 
ND 

IJOOOO 

12000 J 
ND 

5800 J 
17000 J 

8300 J 
ND 
ND 

13000 J 
ND 

7800 J 
ND 

8700 J 
50000 J 

ND 
ND 
ND 
ND 

18000 

2.011.18 
Feb91 

S-IO 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

260 

2.Dll-IC 
Feb91 

lo-15 

.ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 

2.Bll-2A 
Fcb9 I 

O-5 

130 
ND 
ND 
ND 
ND 

4500 1 
3700 I 

140001 
170001 
25oOOI 

6100 I 
ND 

3900 I 
ND 

22000 I 
ND 

30001 
5900 I 

ND 
ND 
ND 
ND 

19000 

2.fJH-28 
Feb91 

S-IO 

701 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
560 J 
ND 
ND 

2100 J 
420 J 

NII 
Nil 
ND 
ND 

67 0 

2-WI-3.4 2.OH-JAD 2.DH-3D 2.BII-IA 
Fcb91 Fcb91 Fcb91 Fcb91 ~ - 

O-5 O-J S-IO o-5 ___ - - ____ CRQL 

ND 
2500 

ND 
130 J 

2500 

59000 
N3 
ND 

5500 J 
ND 

4900 J 
7700 J 

ISOCO J 
240C0 

ND 
69C0 J 

mot 0 
I3CGO J 

MI 
Ml 
ND 
ND 

6200 

ND 
550 0 

ND 
ND 

l2ooO 

I IoaaO 
ND 

2200 J 
3100 J 
3100 J 
6100 J 

14000 J 
I8000 J 
39000 J 

ND 
loo00 J 
82000 
14000 J 

ND 
ND 
ND 
ND 

2000 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND 680 J 
ND 74 0 J 
ND I900 J 
ND ND 
ND ND 
ND 8SO J 
ND ND 
ND 1700 J 
ND ND 
550 J 930 J 
ND II00 J 

NO ND 
ND ND 
ND ND 
ND ND 

I6 0 870 

lO( 
lO( 
lO( 
lot 
lO( 

33ot 
33ot 
3301 
3301 
3301 
3301 
3301 
330' 
330 
330 
330 
330 
330 

3 
3 
3 
3 

5 
I’ 

(1) On/l 3iY7 



II-- TABLE 4-7 
ANALYFICAL RESULTS 

SITE 2: FIRE TRAINING AREA 
SUBSURFACE SOIL 

Ii 
II SPlllPlC 2-GW-S-SliI 2GW-9-.X32 2-GW-9.SF.31 2.UIt-IA 

Ssmplc Dnlc 
Depth (II) 

loo~aoics (m*) 
aluminum 
UscllC 
barium 
beryllium 
udnium 
CdCilUll 

chronium 
cob& 
copper 
iron 
lead 
mrgnesium 
msngancsc 
mcrtwy 
nickel 
potassium 
selenium 
silver 
sodium 
vsnsdium 
ZillC 

cyanide 

Fcb9 I --- 
4-6 -- 

II1000 
48 J 

5a 6 
ND 
17 

5910 
180 
Ia 9 

69 
199ooo 

I:5 J 
14900 

367.0 J 
ND 
63 

8810 
ND 
ND 
at 3 
3I 4 
31 4 J 
21 0 

Fcb9 I 
S-ID -- 

5210 0 
ND 
28 a 
ND 

I9 
214 0 

ND 
49 

ND 
177’IoO 

43 
14100 

I.590 J 
ND 
ND 

19800 
ND 
ND 
ND 
65 

la4 J 
ND 

Fcb9 I 
a-10 

4330 0 
051 J 
I9 5 
ND 

I7 
277 0 

36 
46 
4.2 

Iti 
33 

891.0 
2140 

ND 
29 

9290 
ND 
ND 
ND 
I1.S 
196 1 

14 

Fcb9 I 
O-5 

103ooo 
401 

95 0 
ND 

33 
17000 

I3 2 
49 

laa 
25400 0 

92 3 
I5700 
27800 J 

0 47 
65 

768 0 
ND 
ND 
86 7 
29 8 

I020 J 
%O 

2.UH-IlJ 
Feb9 I 

S-IO 

6650 0 
ND 
24 0 
ND 
ND 

24900 
ND 

46 
ND 

ll6ooO 
2S J 

21400 
3410 J 

ND 
ND 

1450 0 
ND 
ND 
ND 
I04 
I42 J 
ND 

2.Ml-IC 
Fcb91 

l&IS 

.a8630 0 
ND 
460 
ND 
23 

422 0 
27 
27 
a9 

17ooo0 
44 I 

2770 0 
1260 

ND 
ND 

3750 0 
ND 
ND 
ND 

88 
239 I 
ND 

2.HI-2A 
Fcb9l 

O-5 

104000 
I41 

58 6 
ND 
ND 

1030 0 

I 

I3 6 
31 

44 6 
iiooa 

93 a 
is700 

IO601 
0 I11 

57 
I I 80.0 

ND 
ND 
aI 0 
188 

I340 1 
I50 

2.Ull-2D 
Feb91 

5-10 

2.Ull.3A 
Fcb9 I 

O-J 

66100 lo800 0 
ND 321 
607 55 3 
ND ND 
ND 27 

3730 6490 
ND 14 6 
ND 34 
N3 95 

lOloo 20800 0 
30 J :50 J 

low0 13000 
1070 J 3930 J 

ND ND 
ND 66 

Il2CO 614 0 
ND ND 
ND ND 
ND 97 5 

44 12 2 
I45 J J4 I J 

13 89 

2.Ull-3AD 
FCC91 

o-5 

111000 
I9 J 

47 4 
ND 

IS 
974 0 

132 
55 

II I 
13xwo 

200 J 
Moo 
2560 J 

ND 
41 

lo6oO 
ND 
ND 
88 2 
26 8 
296 J 
13.1 

2-Bl1.38 i-BIHA 
Fcb9l Feb91 

S-IO O-5 

66100 
ND 
400 
ND 

I8 
363 0 

79 
59 
45 

16400 0 
88 J 

I4000 
6380 J 

ND 
21 

12900 
ND 
ND 
ND 
130 
228 J 
ND 

15: 1000 
I.1 J 

78.0 
ND 
20 

II400 
23 8 

47 
I57 

167000 
283 J 

2800 0 
2690 J 

0 I6 
76 

17100 
ND 
ND 
ND 
29 6 
430 J 
57 0 

CRDL 

40 
0 

40 
I 
I 

IOOO 
2 

IO 
5 

20 
0 

loo0 
3 

01 
II 

IOOC 
1 
I 

IOOC 
IC 
4 
C 

I 
0 
4 
0 
0 
0 
0 
0 

‘0 
0 

10 
12 
IO 
80 
34 
10 
IO 
!O 
!O 
IO 
IO 
IO 
I5 

(2) 
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TABLE 4-7 
Ah’ALYTICAL RESULTS 

SITE 2: FIRE TRAINING ARLA 
SUBSURFACE SOIL 

s 
< 
z 
2 vocs wfw vocs wfw TI m I-butawne I-butawne 
-9 acc1one acc1one 

carbon disulfide carbon disulfide 
ClhyltClUCllC ClhyltClUCllC 
xylcncs (loml) xylcncs (loml) 

Sample 2-Bll-IL! 
Sample Dale F&9 I 

kpib (n) 5-10 

2.UIIIC 2.utt-5 
F&91 Mar-94 ~ _ 

IO-15 40 ___ ____ 

2-811-6 2.BW7 2-011-8 
Mar-94 hlar-94 Mar-94 

30 40 20 

2-811-9 2-Btl.10 2-811-11 
Mar-94 Mar-94 Mar-94 ___ ___ -- 

30 28 30 

2-Ott-1 ID 2.Btl-I2 
Mar-94 MI-94 

3a 2.0 CRQL 

NU hD NA NA NA . NA NA NA NA NA NA IO 0 
NO 1800 NA NA NA NA NA NA NA NA NA 10 0 
NC hD NA NA NA NA NA NA NA NA NA IO 0 
NC I(0 J NA NA NA NA NA NA NA NA NA 10. 0 
NC 46 0 NA NA NA NA NA NA NA NA NA IO. 0 

29ouo 
1400 
1200 J 
II00 J 

960 J 
I610 J 
7130 
673 0 

IScoO 
970 J 

2330 J 
53030 

7500 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

ND ND ND ND ND I2000 D 
ND ND ND ND ND 87 0 
ND ND ND ND ND I30 
ND ND ND ND ND II 0 

21000 DJ ND 
2200 D ND 
2700 D m 

I30 ND 

NA NA NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA 330 0 
NA NA 330 0 
NA NA 330 .O 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0 
NA NA 330 0’ 
NA NA 330 oi 

64 1700 3 3 

NA NA 

NC 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

IWAS WfW 
I-mctiylnaphthalcne 
bCnro(+IlltWC”C 

knzo(a)pyrene 
benzojb)nuoranlhcne 
bm@ghi)pcrylcnc 
chfyscnc 
dibenrofuran 
llUOCdhC”C 

lluorlslc 
indcnu( I f.kd)pyrenc 
naphnatcne 
phcnanducnc 

p pyrcn: 

& 
v PalicldalPCBs (~#q) 

4,4’-DDD 
4,4-DDE 
4,4’-DDT 
cndris /I TPHC (mgkgcg) 

ND 
ND 
ND 
ND 

ND 2200 0 

I81 52 0 3 
ND 140 J 3 
ND ND 3 

NA NA 5 

:I 
3 

0 

(3) 08/l 3/97 



TABLE 4-l 
ANALYTICAL RESULTS 

SITE 2: FIRE TRAINING AREA 
SUUSURFACE SOIL 

Key: 

2.DII-4D 
Fcb-9 I 

S-10 

lJ3000 
ND 

69.3 
ND 

2.1 
4060 

ND 
40 

ND 
I J9C0.0 

1.7 I 
2800.0 

1180 I 
ND 
26 

3370 0 
ND 
ND 
ND 
104 
186 t 
ND 

2.Dl1-4C 
Fcb-91 

IO.1 J 

86600 
ND 

43 J 
ND 
ND 

333 0 
160 
ND 

42 
127ooa 

2.t311.5 
Mar-94 

40 

NA 
NA 
NA 

-NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.t311-6 2-011-7 
Mar-94 Mar-94 

30 40 

2JJ NA 
l86OC NA 

204C J NA 
ND NA 

3fi NA 
I8000 NA 

ND NA 
ND NA 

IJI.0 NA 
II: NA 

20i J NA 
ND NA 

!?A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
VA 
NA 
N A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
i4A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OH-8 2-011.9 2.Oil-IO 2-utt-I I 
Mar-94 Mu-94 Mar-94 Mar-94 ___ - ___ ~ 

20 30 28 30 ___ ___ ___ ___ 

2.UII-IIDUP 2-811.12 
Mar-94 Mar-94 

30 20 CtlDL 

Sample 
Sample Dale 

Dcplh (fl) 
Inorgan~cs (mglkg) 
aluminum 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
CObdC 

copper 
iron 
lud 
magnesium 
manganese 
mercury 
nickel 
potassium 
selcniurn 
silver 
sodium 
vanadium 

.-NA 

NA 
_-- !A 

NA 
f(A - --NA 
PA NA 
NA NA- 
NA NA 
NA NA 

IN?.. NA 
!‘JA 
NA 

.- NA 
NA 

NA ---idA -.. _. 
NA NA 
NA NA 
NA _ N.A 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
N4 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
Nh 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

WA 
!A 
NA 
NA 
NA 
HA 
HA 
HA 
HA 
NA 
NA 
HA 
NA 
HA 
UA 
NA 
NA 
VA 
VA 
VA 
UA 
UA 

40 t 
01 

40( 
If 
t I 

10001 
21 

101 
Jf 

20 
0 

loo0 
3 

00 
8 

loo0 
2 
2 

1000 
101 

41 
0 

ND = Analytc txlow sample dcbxuon I+ml. 
J = btimawd value 
D - Result coafwmcd by using a serial dilution analysis 
C = Result coofirmcd by repeat analysis 
CRQL = Conlracl required quanl~ftcalion limit 
CRDL - Contract rtquircd detection limit 

NA = Not analyxd 

(4) olvtu97 
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l Rising head test data. 

recycled paper 

4-99 



4-100 



Site-Related Contaminants 

Key: 
I. Probably n laborator>- confaminnnt. 
2. In well 2-GW-8 only. 

Note: Contaminants cscccding screening values in SOIIS and scdimcnts that were removed during remedialion 
were not consldrr In Yxuons 5 and 6. 

4-101 

recycled paper 
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GROUNDWATER SCREENING VALUES 1 
I 

recycled paper 
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Table J-IO 

GROUNDWATER SCREENING VALUES 

Tap War RBCs 

04 0 Z(S) 0 0023 04 

40 JO 40 180 40 

4-104 
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Table 4-10 

GROUNDWAiER SCREENING VALUES 
BAINBRlDGE NAVAL TRAINING CENTER 

Analytcs 

IINORGAMCS 

ARARS TBCs 

SDWA SDWA EPA Drinking EPA Region III Screening 
hlCL MCLC Water HAs Tap Water RBCs Background VltlUC 
PC- I@- PIG PdL Pp/L PH. 
(a) (b) (Cl (4 (Cl rn 

recycled paper 

U-105 
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Table 4-10 (continued) 

(a) Safe Drinking Water Act. Maximum Contaminant Levels (EPA 1994). 
(b) Safe Drinking Wager AC!. Maximum Contaminant Level Goals (EPA 1994). 
(c) EPA Ot?ice of Waler. Lifetime Health Advisories (EPA 1994). 
(d) FPA Region 111 Risk-Based Concentration Table (EPA 1995). 
(c) Background based on average detected 10 upgradient wells. 
(fJ Screening value determined as follows: lowest of non-zero ARARs; if no ARG.s. then lowest ofTBCs. Scrccnmg value not set below background. i.e., 

if background was above ARAR or TBC. then background becomes screening value. 

(I) Total trthalomc[hancs (THMs). 
(2) Proposed standard. 
(3) Under review. 
(4) *cuur, /CVFI bilssd “II “F.lLlllFllt tsclllllquc 
(5) Longer-term HA for children. 
(6) Draft standard. 
(7) Free cysmdc. 

EPA. November 1994, Drrnkrng IVoter Rqplartons anJ Hrolrh Adworrrs. Washington. DC. 
EPA. 1995. Risk-EosedConcenrrorron Tub/e. January -June 1995. EPA Region 111. 
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Table 4-l I 

SOIL SCREENING VALUES 
BAINBRIDGE NAVAL TR-tlNlNG CENTER 

TBCs 

Screening Lcvcls for Transfers 
from Soil to 

Analytes 

EP:\ Region III 
Rcsidcntirl Soil 

RBCs 
av~p. 

(11 

,\ir Croundwntcr 
udk rr/bt 

lb) (Cl 

EP.4 lntcrim 
Cleanup Lcvcl 
CERCU Sites 

lrrnte 
(4 

Background 
w%r 

fc) 

Screening 
VIIUC 
id% 

m 

l’crrxhloroethcnc I?.000 I I .ooo 30 30 

r0hflc 16.000.000 650.000 6.000 6.000 

Trichluroethcnc 58.000 5.000 JO 30 

YYlCllCS I60.000.000 J30.000(J) lnn.noo(J) I00.000 

li,(Zrthylhcxyl) 
hthnlstc 

lutylhmzylphth~latc 

:ll~WlC 

,ihenz(n.h).~thraccnc 

16.000.000 930.000 465.000 465.000 

88.000 3.6'JOC) I60.000 3.600 

88 7.200 I .ooo 88 

Page I of 4 

recycled paper 
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Residential Soil 
CERCL\ Sita 

Indcno( I .ZJ-cd)pyrcne . 

2-Methylnaphrhalcne 

Naphthnlcnc 

Phrnanthmx 

PyMC 

3.100.000 I80.000(2) 42.000 42.000 

2.300.000 56.000(2) 2. I00.000 56.000 

4-108 



Table J-1 I 

SOIL SCkEENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

I TLlCs 

screening Levels for Transfers 
from Soil to 

Anrlytes 

EPA Region III 
Residential Soil 

RBCS 
mglkg 

EPA Interim 
Cleanup Level 

CERCL\ Sites 
melke 

Background 
Screening 

~‘PIUC 

1 Ia) I I (cl I ((0 

INORGANICS 

recycled paper 

d-709 
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Table 4-I I (continued) 

(a) EPA Region 111 Risk-Bared Concentration Table (EPA 1995). residential soils. 
(b) Soil Screening Guidance for inhalation ofvolrtilcs from soils (OSWER 1996) 
(c) Migntion from soils to groundwater. using a dilulion and ancnualion factor (DAF) of IO (OSWER 19%). 
(d) EPA inrrrim guidance on soil lead level cleanup levels at CERCLA sites (EPA 1994). 
(c) Shack&c and Bocmgcn (1984). 
(f) Screening values based on lowest TBC available. Screening value no1 se! below background. i.e.. if background was above TBC. lhcn background 

becomes screening value. (Nom: Values used in screening were those from 1994 Guidance. which were gcnenlly lower man the 1996 levels shown), 

(I) Average of values for cis- and trims- isomers. 
(2) Calculation pcrformcd by EPA Rcglon III. using sarnc methodology performed by OSWER (EPA 1995). 
(3) Fnc cyanide. 
(4) Avcngc of m-, o-. and p-xylcncs. 
EPA. 1995. RW-Based Concenrrurrurt lX&. Jmuay June IQ%. EPA Region III 
OBicc of Solid Waste and Emergency Response (OSWER). EPA. 1996. Sot/ Screenmg Gurdoncc. EPA/S-IO/F-95 104 I, July 1996. 
EPA. 1991. Update on OSlVERSorlLvod(%on~rp &dunce. OSWER Dirccnvc 9355 4-02s. 29 August 1991. 
Shacklettc. H.T. and J.G. Boemgcn. 1984. &lemmr Concenrrarronr m Sorb orrd Orher Surjcrtll .~larerrul~ of thr C’ontermmour tinrrrd Oarer. USGS 
Professionnl Pqxr 1270 
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fable 4.12 

SURFACE WATER SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

ARARS 

CWA WQC CWA WQC COMAR MDWQs COMAR MDWQs 
Human Health 

Freshwater Human Hcrlth 
Criterion Consumption or 

Continuous Water and Freshwater Chronic Drinking Fish Screening 
Anslyto Concentration Organisms Aquatic Orgrnism Water Consumption Value 

I#- Pg/L Pp/L Up/L I@- 
(1) (W (Cl W) (C) 

vocs 

Page 1 of3 

I 

] 

rctt-xhlorocrhcnc 

rolucnu 

~richlorocthcnr 

linyl Chloride 

:ylKnCS 

0.11 0.8 - 

6.800 6.800 

2.7 5 807 27 

2 2 

ccnaphthcnc 

ccnnphthylene 

nthnccnc 

1 

9.600 9.600 J 

tky at cd of table. 
II CD1171/RC1,5,-02’2Z.D, 

recycled paper 
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Table 4-12 

SURFACE WATER SCREENING VALUES 
BAINBRIDGE NAVAL TMININC CENTER 

Page 2 of 3 

I 

COMAR MDWQs 

Concentration 

Human Health 

Freshwater Chronic 
Aquaric Organism 

‘hcnanthrenc 

‘hcnol 

‘YlCllC 

2 I .ooo 2 I .ooo 

960 960 
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Table 4-12 

SURFACE WAiER SCREENING VALUES 
BAINBRIDGE NAVAL TRAINING CENTER 

COMAR MDWQs 

Concentration 

lluman Hcrlth 
Consumption of 

Freshwater Chronic 
Aquatic Organism 

(n) Clrnn Wntcr Act. Water Qunlity Crttcria. Criterion Contmuous Concentration (lo which nquntic lili: can he cxposrd for up to 4 dnys) (EPA 1994). 
(h) Clean Wxcr Act. Water Quality Criterin. Ibr protection of human health agninsf consumptions ofhoth water and aquatic organrsms (EPA 1994). 
(cl Codr of Maryfond Water quality Standards for protection of frcshwntcr orgnnisms ngainst chronic clfcc~s (COMAR). 
(d) Code of Mnryland Water Quality Standards for protection of human health ngnmsl consumption ofwntcr (CUMAK) 
(c) Code of Mnryland Wntcr Quality Standards for protcctton of human henllh egams~ consumption of aquatic organisms (COMAR). 

( I ) tkxnvnlcnt chromium. 
(2) Tout) chromium. 

USEPA. 1994. It’okv Qnoliry S~wxirrrds Ihdbook: Srconcl &Jlrron. Appnd(x .*I. EPA-823B-94-OU5a. Office of Wntcr. Washington. DC. 
Code of Mnrylnnd Regulations. Section ?b.O8.02.03-26. Table 1. 
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Table 4-13 

PIIYSICAL’CHEMICAL PROPERTIES OF VOLATILE ORGANIC COMPOUNDS AT SITE 2 

Cotnpound 

1,2-Dichloroelhenec 

Ethylbenzened 

Molecular 
Weight’ 

Aqueous 
Solubility’ 

g/m01 m%L 

96.9 4.88 x10’+ 

106 I52 

Log OctonoU 
M8SS Vapor 

Pressure’ 
Henry’s Law 

Constant’ 
il,O Parlitioniag 

Coefffcient’ Distributionb 
Retardntpn 

Factor 
mmHg III-I K,, I-I WI WI 

215+ 0.2mo+ i .va+ 2.85 4.0 

7 0.318++ 3.11++ 41.25 46. 

I, I ,2,2-Tetrachloroethanee I68 2.90 x IO3 5 1.58, lO-2 I.39 7.35 9.1 

Trichloroethener I31 1.07 x IO3 74 0.832 2.42 7.88 9.6 

i Xb4enrg 106 I IO’ II++ II 491’. I Ii++ 41 I 4R 

+ 

++ 
Averaged data for cis- and trans-isomers. 
Average of two listed values. 

l Dala for “mixed” xylene (three isomers). 
l l H calculated from aqueous solubility and vapor pressure. 

a 
lnformarion obtained from compound specific references (see below). Corstants at 20°C were listed, if available. If not, data at the closest 

b temperature were used. Henry’s Consranrsrere non-dimensional using T = 20°C (293 K). 
Calculated using foe = 0.001, Pb = 2.5 x IO , n = 0.05. 

c 
d 

Reference: ATSDR I99Oc, Toxicological Profile for I ,2-Dichloroethene, USPHS, Washington, DC. 
Reference: ATSDR 1990d, Toxicological Profile for Ethylbenzene, USPHS. Washington, DC. 

e 
f 

Reference: EPA, 1986a, see VOC tables for full reference). 
Reference: ATSDR I993b, Toxicological Profrle for Trichloroethene, USPt IS, Washingron, DC. 

g - Reference: ATSDR I993d, Toxicological Profile for Xylene, USPllS, Washingron, DC. 
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Table J-l-l 

Pl~YSlCAWClIEMICAL PROPERTIES OF SEMIVOLATILE ORGANIC COMPOUNDS AT SITE 2 

hlolecular 
\Yeights 

Compound glmol 

‘ERY LIGIIT PAII COblPOUlrDS 

Aqueous 
SolubilityY 

mg/L 

Vapor 
Pressure’ 

mmtlg 

Henry’s Law 
Constant’ 

w-1 

Log Octanoll 
1120 Parlitioning 

Coefkient’ 
K,,, I-I 

Mass 
Distribulionb 

Hetardatkn 
Factor 

w RI-I 

-hlethylnaphthalenec 

JaphthaleneC 

,IGlIT PAH COMPOUNDS 

kmaphthened 

4cenaphthylene’ 

4nthracenee 

i’luore:neC 

Phenanrhrenee 

blEDIUI\I PAll COhlPOUNDS 

Fluoranthenee 

Pyrcne’ 

HEAVY P.AII COMPOUNDS 

13enzo(a)anthraccnce 

Benzo(b)lluoranthrsee 

!3enzo(k)fluoran(henee 

13cnro(a)pyrrnae 

Chryscnee 

Dib~:nzo(a)anlt,racenr( 

I42 25.6 0.068 2.07 x IO -2 3.86 2.17 229 

128 31.7 0.087 i.91 x lo-2 3.29 58.3 64.5 

I54 3.42 I.55 x lo-) 3.03 x lo-) 4.00 299 33( 

I51 3.93 0.027 6.03 x IO -2 4.07 353 38t 

I78 -1.63 s 10e2’ 1.7 x 10-s 3.58 x lO-3 4.45 843 93: 

I66 I 83 5.35 x lO^(*’ 2.66 x 10.) 4.18 453 50( 

I78 I3 9.6 x IO1 Y.40 x IO -3 
4.45 853 93: 

202 0 205’ 5.0x 1om6 2.7 x IO -4 
-I 9u 2.38 x IO3 1.35 K IO’ 

202 0 l-17 2.50 x lo-6 2.12 x lOA 4 88 2.27 x IO3 / 2.50 K IO: 

228 1.2 x lo-3+ 2.2 x 1oe8 1.16 x 10 -5 5.61 1.22 x IO 4 1.35 K IO’ 

252 1.2 x vJ3 4.4 s 10-8** 5.08 s IO-4 6.04 328x IO 4 I j 3.63 K IO’ 

252 4.3 s l0-3’ 5 x lo-’ I.61 x IO-’ 6.06 3.43 x IO4 3.80x IO’ 

252 3 8 x lOm3 5.6 x 10e9 203x IO -5 6.06 3.43 x IO4 3.80 k. IO’ 

228 I.8 x 10S3+ 6.3 x lO-9 1.37 x 10-j 5.61 1.22 x IO4 1.35 K IO’ 

278 5 x lo-’ I x lo~‘” 304X 10T6 6 84 2.07x IO5 I 2.29 % IO’ 
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Table 4-14 

I’HYSICAWCHEMICAL PROPERTIES OF SEMIVOLATILE ORGANIC COMPOUNDS AT SITE 2 

Compound 

ndeno( I .2,kd)p) rwr’ 

3enzo(g.h..i)pe~lenec 

hlolecular 
Weight’ 

Aqueous 
Solubility’ 

g/m01 m%L 

276 6.2 x lo-2 

276 2.6 x lO-3 

Log OctPnol/ 
Vapor 

Pressure’ 
Henry’s Law MW 

ConstantP 
HI0 Partitioning 

Coefficient’ Distributionb 
Retrrdatpn 

Factor 
mmllg W-l KOSH WI RI-I 

2.85 x IO-lo*’ I.89 x 10s6 6.58 I.14 x IO5 1.26 Y IO’ 

1.03 x lo-lo 5.99 x 10-6 6 50 9.45 x IO4 1.05 x IO5 

+ 
++ 
l 

01 

a 

Average of two listed values. 
Henry’s Law Constant calculated from vapor pressure and aqueous solubility. 
Aqueous solubility calculated from Henry’s Law Constant and vapor pressure. 
Vapor pressure calculated from Henry’s Law Constant and aqueous solubility. 

Information obtained from compound specific references (see below). Constants at 20°C were listed, if possible. Ifnot, data at the closest 
temperature were used. Henry’s Constants were non-dimensional using T = 20°C (293 K). 
Calculated using foe = 0.001, Pb = 2.5 x 106, n = 0.05. 
Reference: ATSDR 1993e (ATSDR 199Of), Toxicological Profile for Naphthalene and Methylnaphthalene, USPHS, Washington, DC. 
Reference: EPA 1986a, (see VOC tables for full reference). 
Reference: ATSDR 1993f, Toxicological Profile for Polycyclic Aromatic Iiydrocarbons, USPIiS, Washin;ton, DC. 



5 Human Health Risk Assessment 

5.1 Introduction 

This baseline human health risk assessment (HHKA) focuses on potential rusks to human 

receptors posed by environmental contamination related to Sites I and 2 at the NTC. The results 

of the HHRA can be used to help determine whether further site remediation is necessary and, if 

so, to aid in the determination of remediation goals and the selection of remediation techniques. 

l‘he ObJeCtIVeS of the HHRA are (1) to identify site-related chemicals of potential 

concern (COPCs),.(2) to identify potential pathways of exposure for human receptors, (3) to 

quantitatively estimate potential human exposures. and (4) to characterize the associated health 

risks. The purpose of this HHRA is to characterize present and future potential risks associated 

with both sites following completion of the interim remedial measures (IRMs) described below. 

5.1 .I Overview 

The NTC occupies approximately 1,200 acres on the north bank of the Susquehanna 

River, north of the town of Port Deposit, Maryland. The facility was operated by the Navy from 

1942 to 1976; it was later used on a limited basis for Job Corps training until 1990, and has been 

inactive since then. .l’he fence surrounding the NTC has deteriorated, allowing trespassers to 

enter the facility; however, trespassing is probably not a routine occurrence. The facility 

manager is currently the only individual at the NTC on a regular basis. Proposed future plans fur 

the facility potentially include development of some areas for light industrial, commercial, 

recreational, and or residential uses. 

Site 1, the Old Landfill, is located at the western edge of the facility adjacent to State- 

Route 276. The landfill was used for disposal of sulid wastes gencratcd from NTC operations; 

however, pesticides and demolition debris were also placed there. The landfill is unlined and 

was uncapped until the spring of 1995. Cuntaminants, including pesticides, PAIIs, and VOCs, 

appear to have migrated from the landfill to groundwater and adjacent streams. 



Site 2, the Fire Training Area and an adjacent wetland, is located near the southeast 

comer of the facility. The Fire Training Area formerly consisted of concrete training structures 

on a concrete pad connected by a drainage ditch to a partially lined oil separator pit. 

Underground fuel storage tanks were once located beneath the pad. Used oil and water runoff 

from fire training activities was routed through two underground oil separator vaults south of the 

pad or allowed to flow across the surface to the pit where the oil was separated for disposal. 

Water was periodically discharged from the separator pit to the Happy Valley Branch, 

approximately 300 feet to the south. These past practices resulted in releases of petroleum- 

related contaminants to site soils, groundwater, and to surface water in Happy Valley Branch. 

E & E conducted remedial investigations at the two sites in two phases, from December 

IYYO to August IYY 1 (E & E IYY I) and from November I’193 to December IYY4. In additron to 

the contamination described above, substantial pesticide contamination (mainly DDD, DDE, and 

DDT) was discovered in the wetland area northeast of the concrete pad at Site 2. From July I994 

through May 1995, OHM further investigated potentially contaminated areas at both sites and 

conducted interim remedial actions that involved removal of contaminated soil and sediment, 

followed by confirmation sampling, and subsequent capping of Site 1 and reclamation of the fire 

training area. (Refer to Section 3.1.1.1 for a brief description of the landfill cover. A detailed 

description of the remedial actions is presented by OHM in its “Contractor Closeout Report: 

Volume 2, Removal Action, Naval Training Center, Bainbridge” [OHM 1996b]). The purpose of 

this HHRA is to characterize potential risks posed by contamination remaining at the two sites 

after the IR4s were completed. 

5.1.2 Risk Assessment Organization 

This risk assessment has been prepared and organized using the general approach 

outlined in Umted States Envuonmental Protection Agency’s (EPA’s) Rusk Assessment Gurdunce 

for Superfind (RAGS), Volume I. Human Health Evaluation Manual (EPA 1989a), and other 

related EPA gmdance outlined in the work plan. However, the process has been modified in 

accordance with EPA Region III guidance for “Selecting Exposure Routes and Contaminants of 

Concern by Risk-Based Screening” (EPA 1993a) in order to eliminate minor contaminants and 

pathways early on and to focus the effort on those contaminants and pathways most likely to pose 

significant human health risks. 

The risk assessment is organized in five major sections. This section-(5.1) introduces the 

conceptual site model, which identifies potential pathways fur human exposure to site-related 

contaminants. 

I I CD71711RC1357d2f22D2 s-2 



Section 5.2 reviews the site characterization data available from both the RIs and OHM’s 

subsequent removal actions and identifies site-related COPCs in each exposure medium. Risk- 

based screening concentrations are used to eliminate chemicals that are unlikely to contribute 

significantly to overall site risks. 

Section 5.3 assesses the potential exposure of receptors to the COPCs. The potential 

exposure pathways are reviewed and quantitative exposure estimates are derived, taking into 

consideration the site setting and various site characteristics. 

Section 5.4 provides toxicity assessments for the COPCs at the site. Toxicity assessment 

methodologies are reviewed and a brief discussion of the toxicological properties of each COPC 

is provided, along with tables summarizing the quantitative indices of toxicity for the COPCs. 

Section 5.5 integrates the exposure and toxrctty assessments from Sections 5.3 and 5.4 

into an overall risk assessment. The main risks potentially associated with the site are identified, 

along with the pathways and chemtcals gtvmg rise to those risks. 

Section 5.6 discusses the sources of uncertainties associated with the risk assessment 

process that affect the prectston and accuracy of the resulting risk estimates. 

51.3 Conceptual Site Model 

A conceptual site model for both sites is shown in Figure 5-l. Although the original 

sources of contamination are no longer present at Site 2, it is assumed that there is still some 

residual environmental contamination. Under existing site conditions, site visitors could 

potentially be exposed to site-related contaminants by: 

l Direct contact (dermal contact and incidental ingestion via hand-to- 
mouth transfer) with surface soil in the wetland area near Site 2; and 

l Direct contact wtth sedtment and surface water in streams adjacent to 
both sites. 

These pathways would also apply to future residents living on or near the sites. 

Because site streams drain to the Susquehanna River, another potentially complete 

pathway under existing conditions is migration of contaminants to the river, leading to exposures 

of recreational fishermen, boaters, and swimmers. Contamination also could potentially migrate 

to public water supply systems downstream. However, given the levels of surface water 

contamination found in the streams at Site I and in the Happy Valley Branch at Site 2, and the 

substantial dilution that occurs as the streams enter the river, it is unlikely that contaminants from 



the site would reach the river in sufficient quantity to pose any significant human health risks or 

to be quantified. 

The groundwater exposure pathway is not complete under existing conditions at either 

site. There are no water supply wells downgradient of Site 1. 

Over the years, concerns have been raised regarding a potential contaminant exposure to 

users of groundwater. On several occasions, steps were taken to resolve these concerns. 

In 1988. representatives from the State and the Atlantic Division of NAVFACENG-C- 

OM conducted a domestic well survey, including research of existing well records, and a 

physical reconnaissance of residences to determine the existence of any wells downgradienr of 

contaminated monitoring wells. If wells were located, samples were collected and analyzed for 

volatile organic compounds. In Port Deposit. residences along Center Street. High Street. and 

Main Street were visited; and no active wells were identified. The surveyors proceeded to the 

area along Route 222,across from the NTC main gate, where three split well samples were 

collected by the Navy and MDE representatives using EPA protocol. The Navy samples were 

sent to the Navy’s contract laboratory. Only volatile organics were analyzed for, aud none was 

found above the method detection limit. 

In a letter dated I3 July 1992, the Town Administrator of Port Deposit provided the 

Navy with a list of nine springs/spring-fed wells in existence along Main Street, High Street, and 

Rose Hill (Kozloski 1992). Another 7 springs or wells were identified along Granite Avenue and 

Liberty Grove Road; in the north end of Port Deposit. However, they are in a separate drainage 

divide, and would not be contaminated by groundwater migration from NTC property. There is 

no indication in the town’s letter that any of the nine spring/wells were used for drinking water or 

bathing, nor was any concern expressed that local residents might be endangered by use of, or 

contact with, water from these sources (see Appendix H). 

At the request of MDE, 16 samples were collcctcd from domestic wells that could be 

potentially threatened by groundwater contamination from NTC. The samples were collected in 

March 1993, and wet~e analyzed through a laboratory of the Maryland Department of Health and 

Mental Hygiene. Sample results were compared to Maximum Contaminant Levels established 

under the Safe Drinking Water Act. No exceedonces were detected and no other concerns were 

raised as a result of the well water analysis (See Appendix H). 

In February 1337, a Navy representative met with the Port Deposit Town Administrator 

to review the possible wells within the town that might be used as a drinking water source. The 

Administrator made n phone call to the Anchor and Hope Farm (that lies partly within the town 

along Route 276), and confirmed that the farm uses groundwater wells as a potable source. The 

I I CD7171/RC1357-0YD2 5-4 



Administrator stated that, to the best of his knowledge, all other residences were connected to the 

Town’s water supply; any exceptions that might exist would be along Mill Street. Again, it is 

noted that the Mill Street residences and the Anchor and Hope Farm are within a separate 

drainage divide, and would not be contaminated by any migration from the NTC property. The 

survey results have been included in Appendix H. 

The Administrator also furnished the Navy with a copy of a section of the Town of Port 

Deposit code, ordinance No. 15-4, regarding service connections to the public water and sewer 

services. The ordinance requires that when the Town declares that any water and sewer main is 

ready for operation, all abutting property owners are required to connect to it within six months, 

and properly abandon any previously used wells or septic systems. In the event that any property 

owner tails to comply with the connection requirement, the Town is empowered and directed to 

make the required connections at the owner’s expense (see Appendix H). 

The off-site residential wells near Site 2 are located on the other side of Happy Valley 

Branch to which the groundwater discharges, as it is a gaining stream. The residential wells are 

not in the migration pathway from the site and have not been affected by site contamination on 

the basis of sampling conducted by MDE in 199 I. However, if sometime in the future, contami- 

nants were to migrate to new wells installed in affected areas, future groundwater users could be 

exposed by: 

. Ingestion of drinking water, contact with water while bathing or showering, or 
inhalation of vapors released from water to indoor air during showers. 

Direct exposure to any remaining subsurface soil contamination would not likely occur 

unless the soil was disturbed and contamination was uncovered. If the Fire Training Area were 

to be redeveloped for another use, excavation during construction could unearth residual 

contamination in subsurface soils in the vicinity of the pad and oil separation pit, potentially 

exposing future site workers or residents by: 

. Direct contact (dermal contact and incidental ingestion) with newly 
excavated contaminated subsurface soils. 

This exposure pathway does not apply to the landfill or to the wetland area, because 

development of those areas will be restricted. Specifically, deed restrictions will prevent any 

development on the cap which could compromise the integrity of the impermeable layer. 

Likewise, any future landowners will be made aware of wetlands presence and of their need to 
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gain regulatory concurrence before initiating any excavation or development with the 

jurisdictional wetlands. 

5.2 Identification of COPCs 

52.1 Data Collection 

The sources of the site characterization data used in the HHRA include the RIs conducted 

by E & E in 199 I and 1994, and sampling conducted by OHM as part of its 1995 removal action. 

Data collection for the RIs at the two sites on the NTC is described in detail in Sections 3 and 4. 

Briefly, the 1991 investigation included collection of surface water and sediment samples from 

drainage ditches and streams adjacent to the sites, and four rounds of groundwater samples from 

site monitoring wells. At each site, for each of these media, an upgradient sample location was 

designated as a background location. At Site I, the background sediment samples were collected 

from the drainage swales upgradient of both landfills at PI-SD-3; and for surface water at PI-SW- 

3; and for groundwater at well I-GW-I. I-GW-2 could not be considered a background well, as it 

was found to have been drilled through an area that had been filled. At Site 2 the background 

samples were, for sediment, P2-SD-5 and 2-SD-5; for surface water, P2-SW-5; and for 

groundwater, 2-GW-I . Soil borings were also collected adjacent to the concrete pad (E & E I99 I). 

During the 1994 investigation, additional monitoring wells were installed (four at each site) and six 

additional rounds of groundwater data were collected from both the original and newly installed 

wells (in conjunction with site remediation, three of the original wells at the FTA were removed 

after only three of the sampling rounds conducted in 1994). More surface water and sediment 

samples were collected from seeps, drainage ditches, and stream locations within and extending 

downstream from the 1991 investigation areas. At Site I, sediment and surface water sampling 

extended beyond the facility fenceline to include two sediment samples and one surface water 

sample from locations near off-site residences along Route 276. Surface soil acid suil LJUI ing 

samples were also collected at Site 2 from the wetland surrounding the drainage ditch northeast of 

the concrete pad. 

Sampling of environmental media for both RIs was conducted using standard operating 

methods and QA/QC procedures. The specific methods used are described in Section 2 of this 

report. 

During the 1994 RI field activities (before the last three rounds of groundwater sampling 

had been completed), OHM began remediation activities involving the removal of heavily 

contaminated soils and sediments from Site 2 and clearing and grading operations at the landfill. 

Solid waste outside the proposed cap limits, along the northwest edge, was excavated and placed 
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in the landfill before capping. In conjunction with the removal actions, OHM collected 

investigative samples before removal, to define the extent of contamination, and confirmation 

samples after removal, to ensure that contaminant concentrations remaining were below MDE 

standards or conservative (i.e., health-protective) risk-based concentrations based on residential 

soil (EPA 1994a). Sampling and analysis plans that describe the specific methods used by OHM 

can be found in Appendices to Volume I of OHM’s Contractor Closeout Report (OHM 1996a). 

Consequently, not all of the available data were used in the risk assessment. Soil, 

sediment, and surface water data collected from areas that were subsequently remediated are no 

longer useful for characterizing existing contamination at the sites; therefore, they were 

eliminated from the assessment. At Site I, eliminated samples included RI sediment samples 

from the area northwest of the landfill (I-SD- 1, I -SD-5. and I -SD-6) and RI samples from the 

south edge of the landfill (sediment PZ-SD-IO, surface water P2-SW- 10. and all pit soil and pit 

water samples) where material was subsequently excavated, stabilized. and transferred to a cell in 

the landfill that was later capped. At Site 2, samples eliminated from consideration included 

soil, sediment, and surtace water samples from zones that were later excavated beneath the fire 

training pad and the oil separator pit, along the drainage swales. and in the wetland area (see 

footnotes in Tables 5-1 and 5-2 for lists of the samples that were eliminated). 

Comparison of groundwater data from the 1991 and 1994 investigations indicates that 

contaminant levels in some wells have changed over time. For example, CB was detected in all 

four of the 1991 groundwater samples from well I-GW-4 but was not detected in any of the six 

samples collected from that well in 1994. At well I-GW-9. CB and I,4-DCB concentrations 

were noticeable lower in 1994 than in 1991. In contrast, 1,2-DCE and TCE concentrations in 

well I-GW-9 increased in 1994. Since 1994 data are available for all wells and are presumably 

more representative of current conditions, the 199 1 groundwater data were not used in the risk 

assessment. 

5.2.2 Data Evaluation 

5.2.2.1 Data Validation 
Collection and analysis of samples in the RI were conducted using standard operating 

procedures and analyzed by EPA methods in accordance with a site-specific workplan discussed 

in Section 2 of this report. 

Most RI samples were tested for TAL inorganics, TCL organics, VOCs, SVOCs, pesti- 

cides/PCBs, and TPHs. However, surface so11 samples collected from the Site 2 wetland in 1994 

were tested for pesticides only. Samples were analyzed using Contract Laboratory Program 



(CLP) methods, and the resulting data were reviewed and validated using EPA’s functional 

guidelines for evaluation organic and inorganic analyses. Data validation procedures are 

described in Section 2. I I .3. Only data approved for use by these validation procedures were 

used in this risk assessment. Routine Analytical Services (RAS) methods with standard contract- 

required quantitation limits (CRQLs) were used for most samples and most parameters. 

However, during the last three rounds of groundwater sampling, a Special Analytical Services 

(SAS) method was used to achieve a lower quantitation limit of I pg/L for vinyl chloride, one 

tenth of its CRQL of IO pg/L. Because vinyl chloride is considered to be a very potent 

carcinogen, the lower detection limit helps reduce the chance that potentially significant cancer 

risks from vinyl chloride will be overlooked. The quantitative assessment of vinyl chloride 

exposures was based on just the SAS data, because those results are presumably more accurate. 

The analyses performed on OHM’s investigative and confirmation samples varied from 

area to area, depending on the contaminants of interest. Generally, confirmation samples from 

Site I were analyzed for TAL metals and TCL VOCs, SVOCs, and pesticides; samples from the 

Fire Training Area were analyzed for BTEX, halogenared VOCs, pesricides, and TPH (though a 

number were tested for TPH only); and wetland samples were analyzed only for pesticides. The 

methods used and the results obtained can be found in OHM’s contractor closeout report (OHM 

1996a,b). 

5.2.2.2 Data Qualifiers 

Several types of data qualifiers were associated with a number of the analytical values 

reported and validated by the data evaluation process. The most commonly encountered 

qualifiers, their meaning, and their effect on the use of the data in this risk assessment are 

reviewed here briefly. 

Many estimated values (flagged J) were used as besr available estimates of the true 

concentrations present. The use of estimated values marginally increases the uncertainty in 

quantitative estimates of exposures and risk obtained using them, which will be noted in 

discussion of uncertainties. Nevertheless, EPA guidance requires the use of these estimated 

values in these circumstances. 

Two other qualifiers, C and D, have no effect on the use of the data in the risk assess& 

ment. The C qualifier attached to some pesticide results indicates that the pesticide identification 

was confirmed by GUMS analysis; however, all detections of pesticides were regarded as 

positive hits, even those: that WCI~ not confirmed by CC/MS analysis. The D qualifier simply 

indicates that the sample was diluted for the analysis. 
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In the tables of analytical results presented in Section 3 and 4, the abbreviation ND (for 

not detected) is used. For chemicals carried through the quantitative assessment, ND results are 

used in the calculation of exposure point concentrations by substituting one half of the 

quantitation limit if that value is less than the maximum detected concentration of the chemical. 

However, if one-half the quantitation limit is greater than the maximum detected concentration, 

the ND result is omitted from the calculation. 

5.2.2.3 Laboratory and Field Contamination 

Acetone and methylene chloride are common laboratory contaminants that were 

frequently detected in blank samples as well as site samples. In most cases, these chemicals were 

discounted (reported as nondetects) in site samples, based on their detection at similar levels in 

the associated blanks. Acetone and methylene chloride concentrations in site samples were 

reported, however, if they were greater than IO times the concentrations detected in the 

associated blanks or if these chemicals were not detected in the associated blanks. Although the 

reported values could also be due to laboratory contamination (particularly those concentrations 

below the CRQLs3, higher concentrations could reflect site contamination and were, therefore, 

regarded as such for the risk assessment. 

Phthalate esters were also detected in many site samples and some method blanks. 

Whereas many of the sample results could not be discounted based on the QA/QC review, 

generally because phthalates were not detected in the associated blanks, presence of these 

chemicals could be due to field or laboratory contamination and not site contamination. 

Phthalate esters are most commonly used as plasticizers and are ubiquitous in the environment; 

for example, these chemicals could be leached from plastic gloves, which are worn during 

sampling and laboratory procedures. The differences between the 1994 and 199 1 analytical 

results in terms of the frequency of detection of phthalate esters (it was much higher in 1994) 

suggest a possible difference in sample handling procedures. Nevertheless, reported values were 

assumed to be real and used in the risk assessment. 

Carbon disulfide was also detected unexpectedly in a few samples. Its detection in the 

1991 RI samples was attributed to an instrumental artifact caused by conversion of sulfide in 

some samples to carbon disulfide during the analysis, rather than to site contamination, and those 

results were not used in the risk assessment (E & E 199 1). 

5.2.3 Risk-Based Screening Concentrations 



Because of the large number of chemicals detected in site soils, sediments, surface 

water, and groundwater, a conservative risk-based screening procedure was applied to reduce the 

number of COPCs carried through the quantitative HHRA by eliminating chemicals in each 

exposure medium that are unlikely to contribute significantly to overall site risks. In recent 

guidance (EPA 1993a), EPA Keglon 111 advocates the use ot risk-based screenmg at this early 

stage of the HHRA to reduce the time and effort spent on quantitative risk calculations without a 

loss of protectiveness. For each exposure medium at each site. the maximum chemical 

concentrations detected were compared to conservatively derived risk-based screening 

concentrations (RBSCs), that correspond to a systemic hazard quotient of 0.1 or a lifetime cancer 

risk of 10m6, as recommended by EPA Region III (EPA 1993a). Chemicals whose maximum 

concentrations did not exceed their respective RBSCs were eliminated. 

RBSCs were calculated in the same way used by EPA Region Ill to generate its “Risk- 

Based Concentration Table” (EPA 1995a). RBSCs for soil and sedimenr were calculared using 

the equations and standard default exposure assumptions for residential soil (combined childhood 

and adult exposure over 30 years for cancer risks; childhood exposure for noncancer risks). 

REISCs for groundwater were calculated using the equations and standard default assumptions for 

tap water. RBSCs for surface water were based on the assumption of ingestion of 10 ml/day by 

adults over 30 years, to reflect incidental ingestion rather than its use as a drinking water source; 

this ingestion rate, which is based on professional judgment, almost certainly overestimates 

exposures that would realistically be expected, as the shallow site streams have little recreational 

use. 

Toxicity indices used to calculate RBSCs were obtained from EPA’s Integrated Risk 

Information System (IRIS; EPA 1995b); Health Effects Assessment Summary Tables (HEAST; 

EPA 1995~); or Environmental Criteria and Assessment Office (ECAO) (EPA 1992a, 1993 b, 

1993c, 19936, 1993g, 1995d, 19952). RBSCs for carcinogenic PAHs wcrc calculated using the 

cancer slope factor (SF) of benzo(a)pyrene and the relative potency factors recommended by 

EPA (199315). For a few chemicals that lack EPA-approved toxicity indices, surrogate reference 

doses (RfDs) from similar chemicals were used to calculate REISCs. 

RBSCs could not be calculated for lead because toxicity indices are not available from 

EPA. Instead, EPA’s current residential soil screening level of 400 milligrams per kilogram 4 

(mg/kg)(EPA 1994b) was used in lieu of an RBC for lead in soil and sediment. Similarly, the 

federal drinking water action level for lead of 15 @L (EPA I99 1 a), which is also health based, 

was used as a screening value for lead in drinking water. 
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No quantitative toxicity values are available from EPA for calcium. magnesium, 

potassium, or sodium, which are commonly found in environmental media. These substances are 

not associated with toxicity to humans under normal circumstances and, therefore, have been 

eliminated from any further consideration. 

5.2.3.1 Chemicals in Soils and Sediments 

Table 5- 1 lists the maximum chemical concentrations remaining in soils and sediments 

in various areas of Sites I and 2. based on samples collected by E & E and OHM, and highlights 

the values that exceed their respective RBSCs. Note that this summary excludes data associated 

with locations that were remediated (i.e., contaminated material was removed) after initial 

sample collection. At Site I, chemicals present at higher concentrations in sediment include a 

number of metals (aluminum, arsenic, beryllium. chromium. iron, manganese, thallium, and 

vanadium), several carcinogenic PAHs (benzo(a)anthracene, benzo(a)pyrene. benzo(b)fluorant- 

hene, benzo(k)fluoranthene, dibenzo(a,h)anthracene. and indeno( l.2,3-cd)pyrene), and 

chlordane. At Site 2, they include metals (alummum, arsenic, beryllium, iron, and manganese) 

and benzo(a)pyrene. Realistically, benzo(a)pyrene in soil at the Fire Training Area does not pose 

any significant health risk because the highest concentration, which was only slightly higher than 

the RBC, was found at a depth of 10 to I5 feet where future human contact is unlikely under 

either current or expected future site conditions. Therefore, benzo(a)pyrene was eliminated from 

the list of COPCs in soil at Site 2. 

5.2.3.2 Chemicals in Surface Water 

Table 5-2 summarizes the maximum chemical concentrations measured in surface water 

samples in the drainage ditches and streams at Sites 1 and 2, as well as landfill seeps (because 

they flow to the drainage ditches). The chemical concentrations that exceed their respective 

RBSCs have been highlighted. No organic chemicals were detected in surface water and seeps at 

levels above RBSCs. Metals that exceeded RBSCs m some samples from Site 1 include arsenic, 

beryllium, iron, and thallium. Metals concentrations in surface water at Site 2 were all below 

RBSCS. 

5.2.3.3 Chemicals in Groundwater 

Table 5-3 summarizes the maximum chemical concentrations detected in 1994 ground- 

water samples from Sites 1 and 2, along with RBSCs for tap water. At Site 1, chemicals 

measured at concentrations above their RBSCs include a number of metals (aluminum, antimony, 



arsenic, beryllium, cadmium, chromium, iron, manganese, nickel. and thallium); VOCs (1,2- 

DCE, I-2-dichloropropane, CB, chloroform, methylene chloride. TCE, and vinyl chloride); 

SVOCs (I ,4-DCB) and di(2-ethylhexyl)phthalate; and heptachlor. Samples of groundwater to be 

analyzed for metals were collected both filtered and unfiltered to assess the impacts of suspended 

particles in some wells. Large differences in metals concentrations between filtered and 

unfiltered samples was indicative of suspended solids and normally would not pose a problem in 

a fully developed drinking water well. With the exception of aluminum, all the metals mentioned 

above were included as COPCs. The highest aluminum concentration reported in unfiltered 

groundwater, 4,450 ug/L in the October I994 sample from I-GW- I I, appears to be associated 

with particulate matter in the sample. Aluminum was not detected in the corresponding filtered 

sample from the same well and sampling event, and the concentrations of several other metals 

also dropped to noticeably lower or nondetectable levels. Excluding that sample, aluminum 

concentrations in groundwater ranged from 56.2 ug/L to 1,600 ug/L, below the KBC. Therefore 

aluminum was eliminated as a COPC in Site I groundwater. 

At Sate 2, chemtcals whose maxtmum concentrattons exceed their respective KBSCs 

include several metals (aluminum, arsenic, beryllium, cadmium, chromium, iron, manganese, 

thallium, and zinc); SVOCs (carcinogenic PAHs [benzo(a)anthracene. benzo(b)fluoranthene, 

benzo(k)fluoranthene, and indeno[ 1,2,3-cdlpyrene benzo(a)pyrene], I ,CDCB, and di(2- 

ethylhexyl)phthalate); a few VOCs (chloroform, methylene chloride, I, 1,2,2-tetrachloroethane, 

and TCE); and aldrin. It should be noted that some of the higher metals concentrations may be 

due in part to suspended particulate matter in the unfiltered groundwater samples. That might be 

the case at well 2-GW-8, for example, where the concentrations of aluminum and iron were 

dramatically higher in 1994 than had previously been reported in 1991; however, there is no 

strong supporting evidence either way because corresponding filtered groundwater samples were 

not collected Site 2. Lacking convincing evidence to the contrary, Site 2 metals were assumed to 

be contaminants dissolved in groundwater. 

5.2.4 Background Concentrations 

Generally, the organic chemicals for which the environmental samples were tested are 

not naturally occurring; therefore, all organic chemicals that were positively detected (not ’ 

discounted for some reason such as presence in an associated blank) are regarded as potentially 

site-related contamination. However, because the metals are naturally present at some level in 

environmental media, it is often useful to compare site-specific data where KBSCs have been 

II CD71711RC13574DZ 5-12 



exceeded to background levels, as part of the risk management process, to distinguish between 

naturally occurring background and site-related conditions. 

5.2.4.1 Sediment and Soil 
Of the chemicals retained by the risk-based screening of sediments and soils, 

approximately half at Site 1 and all at Site 2 were metals. No soil background samples were 

collected during the RI. At each site, two background sediment samples from an upstream 

location were analyzed for metals. The background sediment locations for Site I and Site 2 were 

PI-SD-3 (in a stream basin north of the rubble landfill) and P2-SD-5 and 2-SD-5, respectively. 

Each background location was sampled twice. 

Table 5-4 summarizes the metals data for Site I soils and sediments, along with the local 

sediment background concentrations. Metals concentrations detected in most site sediment and 

soil samples were similar to background levels. However. the highest concentrations of most of 

the metals, which generally were found at or near landfill seep locations, were noticeably greater. 

The elevated concentrations probably indicate site-related contamination. 

The me&is data for Site 2 sediment and soil are similarly summarized in Table 5-5. The 

concentrations detected in the wetland sediments were similar to those reported in the 

background sediment samples. Beryllium, which was not detected at all in the background 

samples, was detected in three wetland sediment samples; however, the detected concentrations, 

which were below the CRQL, were all reported in 1994. The higher detection frequency in site 

sediments might be due to a more sensitive analytical method used in 1994 than in 199 I when 

the background samples were tested. 

Although soil borings have also been included in Table 5-5, comparison of the soil 

metals data to sediment background levels is not really appropriate, because the soil and 

sediment have different compositions. ‘Ihe higher aluminum concentrations in the soil may very 

well be due to a higher clay content in soil that in sediments, which tend to contain more organic 

material. Nevertheless, the fact that arsenic and iron concentrations detected in the Site 2 suils 

were not higher than the background sediment levels suggests that those metals do not represent 

contamination. Unfortunately, without appropriate soil background date, thcsc metals cannot be 

ruled out as COPCs. 

All of the metals detected in soil and sediment at concentrations exceeding their 

respective RBSCs were carried through the quantitative risk assessment as COPCs, even those 

that appeared to be natural constituents uTwi1. The issue of background concentrations and their 

contribution to total site risk is discussed later in the risk characterization (see Section 5.6). 



5.2.4.2 Surface Water 

Only a few metals at Site 1 were retained by the risk-based screening of seeps and 

surface water. Table 5-6 summarizes the surface water data for Site I, along with local 

background concentrations (from the same locations as background sediments, PI-SW-3 and P2- 

SW-5 at Sites I and 2, respectively). Metals detectedain some seeps and surface water samples 

substantially exceed the concentrations found in the background samples. However, it is likely 

that the highest metals concentrations detected in seeps and downstream surface water were 

associated with suspended sediments in the samples. rather than dissolved contamination, as 

some of these samples were highly turbid. The upstream samples were much less turbid. 

Whereas the metals detected at elevated concentrations in surface water cannot be ruled 

out as contaminants, the potential risks they pose to human receptors are likely below levels of 

concern. The streams at both sites are too shallow to support swimming activities; therefore, 

human exposure to surface water would be limited largely to dermal contact while wading. 

Based on a screening analysis of dermal exposure to metals in surface water at Sites I and 2, 

which was performed by EPA Region III using maximum detected concentrations (see Appendix 

I), the potential human health risks are within or below the target ranges outlined in the National 

Contingency Plan (EPA 1992d). Because of the relatively low risks to human receptors, the 

surface water pathway was not carried through the quantitative assessment. 

5.2.4.3 Groundwater 

Tables 5-7 and 5-8 summarize data for metals in unfiltered groundwater at Sites 1 and 2, 

respectively, that were retained from the risk-based screening, along with local background 

concentrations found in the upgradient well at each site (I-GW- I and 2-GW-1 at Sites 1 and 2, 

respectively). Note that the summary of site monitoring well results includes only data from the 

1994 investigation; however, the background well summary includes both 1991 and lYY4 data. 

Filtered groundwater data, which were collected during the last three rounds of sampling in 1994, 

were not included in the summary because they were less complete (no ftltered data were 

obtained from wells 2-GW-6,2-GW-8, or 2-GW-9) and generally similar to the unfiltered data. 

Based on the small differences observed in most cases between the available filtered data and 

corresponding unfiltered data, the unfiltered metals data appear to reflect mainly metals ’ 

dissolved in groundwater (wtth a few exceptions, noted below). 

At Site 1, the highest concentrations of chromium, iron, manganese,.and nickel detected 

in groundwater were substantially greater than the background levels. Iron and manganese 

appear to emanate from the landfill; the elevated concentrations show a decreasing trend from the 
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highest in well I-GW-3 at the western boundary moving southwest to 1-GW-8, I-GW-9, and 

l-GW-5. In contrast, the highest concentrations of chromium and nickel were found in well 

I-GW-13, a deep well located over 1500 feet southwest of the landfill boundary, and 

concentrations found in wells closer to the landfill were substantially lower. That suggests that 

there may be a source of chromium and nickel groundwater contamination other than the landfill. 

The detection frequencies and concentrations of antimony, arsenic, beryllium, cadmium, 

thallium and zinc reported in Site 1 monitoring wells were similar to the results for the 

background well. Antimony, arsenic, cadmium, and thallium had very low detection frequencies 

(once or twice in 7 I samples), and the concentrations detected were near or below the 

quantitation limits. The detection frequency of beryllium in site monitoring wells, while higher, 

was essentially the same as in the background well, and the concentrations reported (which were 

all well below the quantitation limit) were also very similar. Furthermore. the detected 

concentrations of beryllium were split fairly evenly among all of the wells, one or two in every 

well except I-GW-7; this distribution does not suggest a pattern of contamination. 

At Site 2, aluminum, beryllium, chromium, iron, and manganese concentrations reported 

in several site wells were significantly greater than levels reported in the background well and 

many of the higher concentrations were found in wells located near known source areas (wells 

2-GW-8,2-GW-9,2-G W- IO). The two highest concentrations of zinc reported in unfiltered 

groundwater at Site 2 (7420 ug/L at 2-GW-3 and 1809 ug/L at 2-GW-I I) were also significantly 

higher than the background range. However, these concentrations do not appear to represent 

contaminants dissolved in groundwater, based on the much lower concentrations (46.9 ug/L and 

62.3 ug/L) that were found in the corresponding filtered samples. The detection frequencies and 

concentrations of arsenic, cadmium, and thallium reported in Site 2 monitoring wells were 

similar to the results for the background well. These metals were detected at low frequency 

(fewer than one out of ten) among several different wells, and the reported concentrations were 

all at or below their quantitation limits. 

As wtth the sorls and sediments, all metals detected in groundwater at concentrations 

exceeding their respective RJ3SCs were carried as COPCs through the quantitative assessment. 

The issue of background concentrations and their contribution to total site risks is discussed later 

in the risk characterization (Section 5.6). 

52.5 Summary of COPCs 

Table 5-9 summarizes the COPCs that were carried through the quantitative HHRA. 
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Note that chromium, which was identified as a COPC in groundwater solely because it was 

measured in monitoring well I-GW- I3 at a concentration above the RBSC on the first sampling 

round. In subsequent sampling rounds, chromium was measured at concentrations an order of 

magnitude less. Chromium exists in the environment in two major forms, hexavalent (Cr[VI]) 

and trivalent (Cr[III]) which have very different potential adverse health effects and very 

different toxicity values (see the health effects summary for chromium in Appendix M). Cr(VI) 

is considered to be much more toxic than Cr(lll). Because the analytlcal method for chromium 

used in the RI does not distinguish between these two forms. an assumption must be made 

regarding the form ot‘chromium that IS present m the exposure media. Fol lowmg a conservative 

(health-protective) approach in the HHRA, all chromium was considered to be Cr(V1). 

5.3 Exposure Assessment 

There are three steps in the exposure assessment process: characterization of the 

exposure setting, identification of potential exposure pathways. and quantification of potential 

exposures. 

5.3.1 Exposure Setting and Potentially Exposed Populations 

The physical setting of the NTC, including geology, hydrogeology, climate, and land 

uses, is described in Section 1.3 of this report. The NTC, which is currently inactive, occupies 

approximately 1,200 acres near the Town of Port Deposit on the north bank of the Susquehanna 

River. Site 1, the Old Landfill, is located on the west edge of the facility along State Route 276, 

and Site 2, the Fire Training Area and adjacent wetland, is located in the southeast comer of the 

facility, adjacent to the Happy Valley Branch and near State Route 222. 

Currently the only individual who regularly enters the facility is the facility manager; 

however, occasional trespassing may occur, as the perimeter fence is not continuously intact. 

Trespassers might include nearby residents. Port Deposit is approximately 0.5 mile from Site 1 

and 1 mile from Site 2, and there are closer residences along Route 276 near Site I and Route 

222 south of Site 2. 

Seeps and surface water runoff from the Old Landfill (Site I) drain to two adjacent 

streams, to the northwest and southeast, which join together southwest of the landfill. These ’ 

streams have steep slopes (approximately 6 percent) and low estimated average flows, 80 gallons 

per minute and 111 gallons per minute for the northwest and southeast streams, respectively. 

Using the catchment area of the NTC streams, groundwater discharge and hence base flows of 

the streams northwest and southeast of the landfill are equivalent to only 4.5 to 6.2 gallons per 
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minute, respectively. The low flows and steep gradients result in very shallow streams with very 

little capacity for supporting fish or other wildlife. The combined stream exits the NTC, flows 

south in a roadside ditch along Route 276, and then through a culvert that discharges directly to 

the Susquehanna River. 

Surface drainage from the Fire Training Area (Site 2) is to the Happy Valley Branch, 

which also flows in a southerly direction. This stream has a larger drainage area than the streams 

at Site I and a higher estimated average flow (562 gallons per minute) and base flow (32 gallons 

per minute). The stream bed contains masses of gravels and sand. and during base flow periods 

the creek in the vicinity of Site 2 consists oi a series of shallow pools separated by stretches of 

saturated gravel. No fish of edible size in the stream have been observed by any researchers. 

Trespassing adolescents might occasionally wade or play in the Happy Valley Branch, however, 

the creek has no other recreational use. Beyond the NTC boundary, the stream flows through a 

steep wooded valley finally discharging to the Susquehanna River about one mile duwrrstr-earn of 

Port Deposit. 

‘l‘he Susquehanna River, which is a major source of potable waler Tur variuus 

communities in the area, is also used for recreational boating and sport fishing. If  site-related 

chemicals were discharged with surface water to the river, humans could potentially be exposed 

through use of downstream community water systems, by direct contact during recreational 

activities, or through fish consumption. However, given the rapid and substantial dilution of the 

streams upon reaching the river (and the low levels of contamination in site surface water), the 

levels of site-related chemicals reaching the river would be indistinguishable from background 

levels in the river. The average flow of the river is in excess of 42,000 cubic feet per second (19 

million gallons per minute), more than 30,000 times greater than the average flow of the Happy 

Valley Branch from Site 2 and 100,000 times greater than the stream flow from Site I. Even 

allowing for possible bioaccumulation of chemicals such as pcsticidcs (which may have 

bioconcentration factors of 10,000 or more), it is unlikely that site-related chemicals will reach 

the river in sufficicllt c;oncentrations to post significant human health risks. 

Residents of Port Deposit are served by a public water supply system that obtains its 

water from an intake in the Susquehanna River 2,000 feet upstream from Route 276. 

Shallow groundwater from Site 2 discharges to the adjacent stream described above. I 

Groundwatcr is the primary source of drinking water for residents outside the Port Depnsit town 

limits; however, there are few groundwater users downgradient of the NTC. Approximately 20 

homes (approximately 1,000 feet south of Site 2) use private wells. Those wells have not been 

affected by site contamination because Happy Valley Branch serves as a hydrogeologic boundary 



and any contaminated groundwater will discharge to this stream. Testing conducted by the 

Maryland Department of Health and Mental Hygiene ( 1993) showed no detectable levels of 

volatile organic chemicals in these nearby restdentral wells. Appendix H includes the repons of 

domestic spring and well surveys and sampling performed by the town of Port Deposit (July 13* 

1992) (Kozloski 1992), and by the Navy and Maryland Department of the Environmenr in I 988. 

No one within town limits was found to be using groundwater and this is also specifically 

prohibited by town ordinance. A number of wells off-site and across the stream running along 

Route 276 and across Happy Valley Branch were sampled in 1993 by the Department of Health 

and Mental Hygtene. Analyses were for volatile organics only. No contaminants wete detected 

(Appendix H). Because groundwater from under Site 2 is discharging to Happy Valley Branch, 

none of the houses across the stream are inrercepring flow from the site. UI arc at risk. 

In the future. portions of the NTC could be developed for industrial. commercial, 

recreational, or residential use. However, development on the Old Landfill or the Site 2 wetland 

area, which as a jurisdictional wetland has use restrictions, is not a realistic possibility. Future 

development of those areas will probably not be feasible. 

Development could occur at the Fire Training Area or near the Old Landfill site. If so, 

future residents could potentially install private wells downgradient of the sites. However, the 

Town of Port Deposit has an ordinance that requires hookups to the public sewer and water 

supply. This severely limits domestic wells potentially being installed to use groundwater at the 

site. 

5.3.2 Potential Exposure Pathways 

Potential exposure pathways are schematically displayed in Figure 5- 1, the Conceptual 

Site Model. 

5.3.2.1 Sources and Receiving Media 

The sources of-contamination at Site 1 are the materials that were buried in the landfill, 

including pesticides and various unspecified domestic, industrial, and construction wastes, which 

released contaminants to the underlying soils. Contaminants have migrated with water 

percolating down through the wastes and soils to groundwater and with leachate discharges and 

surface runoff to the adjacent drainage ditches and su earns. Recent capping of the landfill will 

reduce contaminant migration by preventing future infiltration of precipitation through the 

landfill and permanently eliminaring the surface runoff transport pathway. 
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The sources of petroleum-related contamination at Site 2 were the fuels used for fire 

training activities, which were stored in underground storage tanks, and the surface runoff from 

those activities, which was held in underground concrete separator vaults or the partially lined 

oil-water separator pit. Contaminants from the tanks, vaults, and pit were released to subsurface 

soils and migrated downward to groundwater. In addition. when the Fire Training Area was 

active, water was periodically released from the separator pit to the Happy Valley Branch. 

Pesticides found in the wetland area may have resulted from general application in the area or 

from pesticide operational actions such as mixing and rinsing. The recently completed remedial 

action at Site 2 involved the removal ofthe primary contammant sources and the most heavily 

contaminated soils and sediments. 

5.3.2.2 Contaminant Fate and Transport 

The fate and transport of contaminants in the environment are influenced by a variety of 

site- and chemical-specific factors. Environmental fate and transport processes for contaminants 

detected at the site are summarized briefly in this section. 

Metals are persistent in the environment, but their chemical and physical forms can 

change depending on environmental conditions. Metals in soils and sediment may be in a form 

as oxides or other inorganic compounds, sorbed or chelated by organic matter or oxides, sorbed 

on exchange sites of soii colloids, or dissolved in soil pore water. Metals that normally exist in 

the environment in ionic forms-such as cadmium, copper. chromium (III), lead. nickel, and 

zinc-tend to form insoluble salts or bind to soil minerals. They are also relatively immobile in 

the subsurface at usual soil pH ranges and become leachable only if acidic solutions percolate 

through the soils. At the normal range of soil pH values, these metals usually do not leach at an 

appreciable rate. Metals that form acidic anions-such as arsenic, chromium (VI), molybdenum, 

selenium, and vanadium-tend to be more water soluble and more mobile. Other environmerllal 

factors that influence metal mobility include soil clay content, organic content, oxidation- 

reduction potential, and carbonate conrenr. 

Speciation of metals is also an important factor in their mobility. If the metals are 

present as oxides or hydroxides, they will remain relatively immobile in soils and sediments. If 

they are present as soluble salts, the most likely reaction that may occur is the hydrolysis of ’ 

metals to either oxides or hydroxides, or the precipitation of low-solubility sulfates or cnrbon&es. 

Metals are taken up by plants to varying degrees. Some metals such as arsenic and cadmium can 

bioconcenrrare in aquatic organisms (ATSDR 1993). 
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Chlorinated pesticides, which have low water solubilities and a strong tendency to 

adsorb to organic material in soils and sediments, are relatively immobile in the subsurface. 

Migration in surface runoff is primarily by transport of particles to which these compounds are 

bound. Pesticides may be taken up from soils by plants. These chemicals tend to be persistent 

and may bioaccumulate in aquatic environments. 

The SVOCs, primarily PAHs and phthalates, also have low solubilities and a tendency to 

adsorb to soil; therefore, these chemicals are also relatively immobile in the subsurface. Biocon- 

centration of some of these chemicals has been observed in aquatic and terrestrial organisms; 

however, this is limited by metabolism ofthese chemicals by the orgamsms so that biomagni- 

fication through the food chain is unlikely. 

VOCs. which have moderate to high vapor pressures, high water solubility, and little 

tendency for adsorption by soil and sediments, are highly mobile in the environment. At the 

surface. VOCs can volatilize to the atmosphere; in the subsurface, they can migrate downward 

with infiltrating precipitation, eventually reaching groundwater. Most organic contaminants 

undergo biotransformation or biodegradation in soil or groundwater when environmental 

conditions are favorable. Chlorinated methanes (chloroform, methylene chloride) and 

chlorinated ethylenes (TCE, I-2-DCE, vinyl chloride) undergo sequential reductive 

dehalogenation under anoxic conditions (Smith and Dragun 1984). Evidence suggest that this 

may be occurring at Site 1; where vinyl chloride found in the groundwater is a degradation 

product of I-2-DCE. which is in turn a degradation product of TCE. 

5.3.2.3 Complete Exposure Pathways 

All of the exposure pathways shown in Figure 5-l are potentially complete under 

existing site conditions or under future site conditions if parts of the NTC are converted to 

residential use. However, a few pathways that pose negligible risk to human health were not 

carried through the quantitative assessment. Tables 5- 10 and 5- 11 summarize the potential 

exposure pathways for Sites 1 and 2, respectively; indicate whether or not each pathway was 

selected for evaluation; and provide the rationale for pathway selection or exclusion. 

The following exposure pathways were evaluated quantitatively: 

. Direct contact (incidental ingestlon via hand-to-mouth transfer and 
dermal contact) with contaminants in sediment in the streams at Site 1 
and Site 2 by current trespassers and future residents; 
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l Direct contact with soil contaminants, unearthed by future residential 
development, at the Site 2 Fire Training Area by future residents; and 

l Domestic use of groundwater (consumption of drinking water, dermal 
contact while showering, and inhalation of vapors released to indoor 
air) near both Site 1 and Site 2 by future residents of the NTC property. 

Currently, off-site residential wells south of Site 2 have not been affected by site-related 

contamination. Potential future exposures to groundwater contaminants at these off-site 

residences are certainly less than the exposures estimated for potential future residential use of 

Site 2. Thus the estimated on-site exposures can be regarded as upper bounds of potential 

exposures for off-site residents. 

5.3.3 Quantification of Exposure 

This section describes how quantitative exposure estimates were obtained. The first part 

describes how exposure point concentrations were estimated. The second part presents the 

exposure estimate calculations for each receptor and route of exposure and explains the rationale 

for selecting the exposure factors used in the calculations. 

5.3.3.1 Exposure Point Concentrations 

Exposure point concentrations in sediment, soil, and groundwater were estimated 

directly from measured concentrations in those media. Following EPA guidance (EPA 1992b), 

the 95% upper confidence limit (UCL) on the arithmetic mean was calculated to provide a 

conservative estimate of the average concentration of each COPC in each exposure medium. The 

data were assumed to be lognormally distributed. Justification for the assumption of 

lognotmality is provided in Appendix J. In a few cases, where the UCL value was greater than 

the maximum concentration of the chemical detected in the sample set, the maximum observed 

concentration was used instead. 

Exposure point concentrations for potential sediment exposures in drainage ditches and 

streams near the Old Landfill were estimated using sediment data from the 1991 and 1994 RIs 

(excluding the background location PI-SD-3 and sampling locations I-SD-I, 1 SD-5 and l-W-6, 

which were subsequently excavated by OHM) combined with OHM’s post-excavation ’ 

confirmation sample data. Similarly, at Site 2, sediment exposure point concentratrons were 

estimated from 1991 and 1994 sediment data, excluding background location P2-SD-5, and 

subsequently excavated sampling locations P2-SD-6, PZ-SW/, Z-SD4, Z-SD-& and 2-SD-7. 



Exposure point concentrations for potential future residential exposures to soil at Site 2 

were based on 1991 soil borings samples collected from locations within the fire training area 

that were not subsequently remediated that might be excavated during future residential construe- 

tion. Samples that were omitted because of subsequent removal by OHM include 2-GW-9-SB 1, 

Z-BH- IA, Z-BH-ZA, and 2-BH-3A. Samples collected from depths greater than IO feet 

(2-BH- 1 C and 2-BH-4C) were also omitted from the calculation because residential construction 

would not likely involve excavation that deep, and no exposure would be expected. 

Groundwater exposure point concentrations for potential future residential exposures 

near Site I were estimated using data from momtormg wells south ot the landtill. which all 

showed evidence of site-related contamination (containing detectable levels of CB. 1,2-DCE, or 

TCE). Monitoring well I-GW-2, which is located near the northeast edge ot the landtill. was not 

included in the calculation because the data showed that it was not contaminated with site-related 

organic chemicals or with the high levels of metals that were found in wells south of the landfill. 

I-GW-2 could not be considered a background well, as it was found to have been drilled through 

an area that had been filled. At Sire 2, data from monitoring wells south of the bum pad or the oil 

water separator piI were used to determine exposure point concentrations; wells 2-GW-6 and 2- 

GW-7 at the east and west edges of the bum pad were not used as those wells did not appear to 

be contaminated. At both sites, exposure point concenrrations were based on the six rounds of 

groundwater samples collected in 1994. However, in the case of vinyl chloride, the concentration 

was based on only the last three rounds, when the samples were analyzed by a special analytical 

method with a lower detection limit. 

Spreadsheets of exposure point concentration calculations for soil, sediment, and 

groundwater, which include the input data, can also be found in Appendix J. The resulting 

exposure point concentration estimates are presented in Tables 5- 12 and 5- 13. 

Vapor concentrations used to estimate potential inhalation cxposurcs resulting from 

release of vapors during showers were estimated from the exposure point concentrations of 

VOCs in groundwatcr using the shower volatilization model dcvclopcd by Foster and 

Chrostowski (1987). The model combines the vapor concentrations with the inhalation rate and 

body weight (BW) of the receptor, so that its output is expressed as an exposure per showering 

event (mg/kg-event). Appendix L presents a description of the model as well as lists of the input 

parameter values used in this assessment and the resulting inhalation exposure estimates. 

5.3.3.2 Exposure Estimation Methods 

The exposure estimates described in this section combine the following: 
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. Estimates of exposure media (sediment. groundwater. and air) 
contaminant concentrations developed in the previous two sections; 

l Estimates of contact rate and the frequency and duration of exposure 
that receptor populations are likely to experience: and 

l Estimates of various physiological parameters (e.g., breathing rate, BW, 
and average life expectancy). 

The equations used to estimate the exposure for each route of exposure are provided in Tables j- 

14 through 5-20. The parameter values used to evaluate the equations, along with the rationale 

for their selection and a reference source, are also given. 

The equations have been grouped in exposure scenarios. An exposure scenario IS a 

combination of pathways by which an individual receptor or group of receptors might be exposed 

under a given set ofcondltlons. Iwo exposure scenarios were evaluated in the quantitative risk 

assessment: recreational exposure to sediment in the drainage ditches at Site I and future 

residential groundwater usage at both sites. 

Under existing site conditions, exposures of trespassers to contaminants in sediments at 

Site I are likely to be brief and infrequent, probably occurring less than once per year. If. in the 

future, residences were built within the NTC closer to the Old Landfill or at the Fire Training 

Area, exposures to sediments would probably be more frequent, particularly for children living 

there who conceivably might play in the ditches and streams. For this risk assessment, 

recreational sediment exposures were quantitatively estimated for the receptors expected to have 

the greatest potential exposures, future adolescent residents. 

For future soil and groundwater exposures, two residential receptors were evaluated: an 

adult and a small child. The potential exposures of young children by ingestion and dermal 

contact routes are relatively greater than those of adullb, thr~efolr, evaluation of the child 

receptor could reveal risks that might otherwise be overlooked if only the 30-year adult exposure 

was considered. 

Because of their behavior patterns, young children tend to ingest greater quantities of 

soil than do older children and adults, and their ingestion rates relative to BW are substantially 

greater. For that reason, the adult receptor in the residential soil scenario was evaluated as an G 

age-integraled rrceptol whose cxposurc includes a childhood period at the greater exposure rate. 

For each of the exposure scenarios, parameter values were selected to correspond to the 

high-elld OI leasonablc maximum exposure (ME) an individual in the receptor group might 

experience. In many cases, standard default exposure factors from EPA’s Human Health 



Evaluation Manual Supplemental Guidance: Standard Defaulr Exposure Factors (EPA 199 1 b), 

or other EPA guidance, were used. Exposure factors not specified in guidance documents were 

taken from EPA’s Exposure Factors Handbook (EPA 1989b) or were based on professional 

judgment. 

For the first exposure route, all of the parameters will be described and discussed in the 

text; for subsequent routes, only the key parameters for that route and parameters not previously 

mentioned will be described. 

Scenario 1: Recreational Sediment Exposures 

Receptors were assumed to be adolescents from age 6 years to I6 years who live near the 

site and who customarily might play in the drainage ditches and streams downgradient from the 

sites. Note that in actuality, the drainage ditches have no known recreational use. The exposure 

factors selected are thought to be credible but conservative for residents living near the site. 

Pathway IA: Ingestion of Sediment (Table 5-14) 

The sediment ingestion rate (IR) is the amount of sediment that an individual might 

ingest through hand-to-mouth contact; the value used is EPA’s standard default factor for 

incidental soil ingestion by adults and children over the age of 6 years (EPA 1991 b). The 

fraction ingested (FI) is the portion of total soil ingested that comes from the site. Because the 

receptor is expected to spend only part of the day at the exposure point, the FI was assumed to be 

0.5, with the remaining soil ingested coming from other areas. The exposure duration (ED) was 

assumed to be IO years, the length of adolescence, and the exposure frequency (EF) during this 

period was assumed to be 50 days per year, approximately equivalent to once per week. 

The BW used is the median reported for the age group (EPA 1989b). The averaging 

time (AT) is the period over which the estimated exposure is averaged expressed in days. For 

noncarcinogens, the averaging time is equal to the ED, but for carcinogens it is taken as the 

standard life expectancy of 70 years because the carcinogenic-potency SFs (described in Section 

5.4.4) are based on lifetime exposure. 

Pathway IB: Dermal Contact with Sediment (Table 5-15) 

The absorption factor (ABS) is the fraction of the chemical absorbed from sediment 

through the skin. The following ABS values, obtained from EPA Region III dermal guidance 

(EPA 1995f), were assumed: 3.2% for arsenic, I % for other metals, 10% for pesticides, and 10% 

for SVOCs. The skin surface area (SA), which is the area of exposed skin that might contact soil 
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is estimated to be 25% of the median body SA for the 6 to I6 year old age group, based on EPA 

recommendations (EPA 1992~). This is approximately equivalent to the combined SA of feet, 

lower legs, and hands (EPA 1989b). The adherence factor is an estimate of the amount of 

sediment that might cling to the skin and serve as a source of exposure; the value used is the 

upper-end estimate recommended for soil in EPA’s derrnal guidance (EPA 1992~). The fraction 

of contacted sediment from the contaminated area of interest (FC), like the FI, is assumed to be 

half of the amount contacted. 

Scenario 2: Future Residential Soil Exposure 

If the Fire Training Area at Site 2 was developed in the future for residential use. 

excavation during construction could bring subsurface soil to the surface, where it would be 

accessible to future residents. Residential soil exposures were evaluated for an age-integrated 

adult and a child receptor. 

Pathway 2A: Ingestion of Soil (Table 5-16) 

The values used for child and adult soil ingestion rates (IRc and IRa, respectively) are 

EPA’s standard default rates for incidental soil ingestion (EPA 199 1 b). EPA’s recommended 

default residential ED of 30 years, which is the 90th percentile length of residence for owner- 

occupied homes, is divided between 6 years of childhood exposure (EDc), representing the 

duration in the I- to 6-year-old age group, and a 24-year adult ED (EDa; EPA 1991 b). The EF of 

350 days per year for both adults and children (EPA 199 1 b) represents year-round exposure, 

allowing for two weeks spent away from the home (i.e., on vacation). The default BWs of 70 kg 

and 15 kg for the adult and child, respectively, are based on US population averages (EPA 

199lb). 

Pathway 2B: Dermal Contact with Soil (Table 5-17) 

The AF and ABS values used for soil contact are identical to those used for sediment 

exposure. The adult SA (SAa) was assumed to be 25% of the median total body adult SA 

(approximately equivalent to the combined area of the hands and half the arms), whereas the 

exposed SA for the child was assumed to be 30% of the total SA of a 3- to 4-year-old 

(approximately equivalent to the combined areas of the hands, face, and half the arms and legs), 

based on recommendations in EPA’s derrnal guidance (EPA 1992~). 
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Scenario 3: Future Residential Groundwater Usage 

If future residents installed a water supply well downgradient of either site, they could 

potentially be exposed to contaminants in site groundwater through household use. Both adult 

and child receptors were evaluated for ingestion of chemicals in drinking water and dermal 

contact with contaminants while showering or bathing. However. only adults were evaluated for 

inhalation of vapors during showering, because it was assumed that small children would take 

baths rather than showers. 

Pathway 3A - Ingestion of Drinking Water (Table 5-18) 

The drinking water IR values used for adults and children are the default values currently 

recommended by EPA for the RME; the adult IR is the 90th percentile of observed rates for 

potable water ingestion (EPA l99lb). The EF, ED, and BW values used to estimate residential 

groundwater exposes are the same default values as were used for residential soil exposure. 

Pathway 3B - Dermal Contact During Showering (Table 5-19) 

The dose absorbed per unit area per event (DA) for each chemical was calculated as 

directed in EPA’s Dermal Exposure Assessment: Principles and Applications (EPA 1992~) 

using the concentration in groundwater and the recommended shower time of 15 minutes (0.25 

hour). The DA calculations are described in Appendix K. The SA values used are median body 

SAs obtained from EPA’s dermal guidance (EPA 1992~). 

Pathway 3C - Inhalation of Airborne Vapors (Table 5-20) 

The inhalation exposures per shower (Einh) were calculated for each VOC in ground- 

water using the shower volatilization model developed by Foster and Chrostowski (1987). From 

the concentration of each VOC in groundwater, the model first estimates the concentrations in air 

in the shower room over time during the shower event (I 5 minutes showering plus 5 minutes 

afterward) then combines those estimates with the inhalation rate and BW of the receptor to 

calculate the exposure per event. See Appendix L for a description of the Foster and 

Chrostowski model ( 1987), the input values that were used for this assessment, and the resulting 

exposure estimates. 

The estimates from the above exposure equations are expressed as chronic daily intakes 

(CDIs), or lifetime average daily intakes (LADIs) for each complete pathway and exposure case. 

CDIs are used to estimate noncarcinogenic risks. LADIs are used to estimate excess lifetime 
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cancer risks. The exposure estimates are combined with toxicity estimates for each chemical 

(described below in Section 5.4) to obtain risk estimates. 

5.4 Toxicity Assessment 

54.1 Introduction 

The purpose of the toxicity assessment is to compile toxicity data for the COPCs at the 

site and to provide an estimate of the relationship between the extent of exposure to a con- 

taminant and the likelihood and/or severity of adverse effects. The toxicity asqeament is 

accomplished in two steps: hazard identification and dose-response assessment. 

Brief health-effects summaries, which provide qualitative descriptions of the potential 

toxic properties of the COPCs, are presented in Appendix M. Section 5.4.2 describes the dose- 

response evaluation procedures used to develop quantitative indices of toxicity. explains how 

toxicity values are incorporated into the risk estimation process, and presents the toxicity values 

used in this risk assessment. Uncertainties in the toxicity assessment process are discussed in 

Section 5.6. 

5.4.2 Quantitative Indices of Toxicity 

EPA has developed quantitative indices of toxicity for many chemicals to estimate the 

relationship between the extent of exposure and the likelihood or severity of adverse health 

effects. Methods for deriving toxicity values and their use in estimating potential adverse health 

effects are described below. Toxicity values for COPCs evaluated in this baseline HHRA are 

also presented in this section. 

The following EPA sources were used to obtain toxicity values: 

l The IRIS computer database (EPA 1995b). This is the preferred source 
of toxicity values because these data are the most recent EPA criteria 
available ~IILI they have been rcvicwcd cntt;usivcly by EPA, 

l HEAST (EPA 1995~). These tables were consulted if a toxicity was 
unavailable on IRIS (EPA 1995b). EPA’s NCEA has established these 
values for use in risk assessments; and 

l NCEA’s Superfund IIealth Risk Technical Support Ccntcr, which 
provided provisional RfDs and SFs for some chemicals that are not 
listed in IRIS or HEAST. Copies of the source papers for these 
provisional toxicity values are provided in Appendix N. 
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5.4.3 Categorization of Chemicals as Carcinogens or Noncarcinogens 

Both carcinogenic and noncarcinogenic health effects were evaluated quantitatively in 

this HHRA. Endpoints for these two different types of effect are assessed differently because the 

mechanism(s) by which chemicals cause cancer is fundamentally different from the process(es) 

by which adverse noncarcinogenic effects are caused. The principal difference in assessment 

reflects the assumption that noncancer effects exhibit a threshold dose below which no adverse 

effects occur, whereas no such threshold has been proven to exist for carcinogenic effects. 

As used in this HHRA. the term “carcinogen” refers to any chemical for which there is 

sufficient evidence that exposure may result in continuing uncontrolled cell division (i.e., cancer) 

in humans or animals. Conversely, the term “noncarcinogen” refers to any chemical for which 

the carcinogenic evidence is negative or insufficient. These definitions are under constant review 

by EPA and are subject to change as new information becomes available and the weight-of- 

evidence is modified. Because exposure to some chemicals may result in carcinogenic and 

noncarcinogenic effects, both endpoints associated with a COPC were evaluated quantitatively in 

this HHRA. 

The likelihood that an agent is a human carcinogen is specified by EPA’s weight-of- 

evidence classification (see Table 5-2 1) (EPA 1986). Data derived from human and animal 

studies are reviewed and characterized as sufficient, limited, inadequate, no data, or evidence of 

no effect. According to these EPA guidelines, chemicals in the first two groups, A and B (B 1 or 

B2), are considered human carcinogens or probable human carcinogens and should be subjected 

to nonthreshold carcinogenic risk estimation procedures. Group C chemicals may or may not be 

subject to these procedures, depending on the quality of the available data. Chemicals in groups 

D and E are considered to be noncarcinogens. 

5.4.4 Assessment of Carcinogens 

In contrast to noncarcinogenic effects, for which thresholds are thought to exist, 

thresholds have not been demonstrated for carcinogenic effects. Consequently, federal regulatory 

agencies (i.e., EPA, the Food and Drug Administration [FDA], and the Occupational Safety and 

Health Administration [OSHA]) assume that any exposure to a carcinogen entails some finite risk 

of cancer. However, depending on the potency of a specific carcinogen and the level of ’ 

exposure, such a risk could be infinitesimal. 

Several mathematical models have been developed to estimate low-dose carcinogenic 

risks from high-dose cancer bioassays. EPA selected the linearized multtstage model to esttmate 

toxicity values based on prudent public health policy (EPA 1986). In this model, EPA uses the 
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95% UCL of the slope of the dose-response curve to estimate low-dose SFs (Table 5-22). Using 

these procedures, the regulatory agencies are unlikely to underestimate the actual SFs (formerly 

termed “cancer potency factors”) for humans. SFs are expressed as the inverse of the daily dose 

per unit BW ([mg/kg-day]-‘). 

Toxicity values for carcinogenic effects are sometimes expressed in terms of unit risks, 

or the risk-per-unit concentration of the substance in the medium where human contact occurs. 

Inhalation SFs are derived from inhalation unit risks (expressed as [ug/m’j’) by assuming a BW 

of 70 kilograms (kg) and an inhalation rate of 20 m’/day. The standard duration assumption for 

SFs is continuous lifetime exposure. Hence. when no absorption conversion is required: 

Inhalation Slope Factor 
(mg/kg-day)-’ 

= Air Unit Risk (pglm “)-I x 70 kg I I O3 pg/mg 

30 m’ldq 

Because intakes from environmental exposures are relatively low (compared to those experienced 

by animals in toxicity studies) lifetime excess cancer risks usually can be estimated using the 

following linear low-dose equation: 

Risk = LADI, .r SF, 

where: 

LADIj = Route-specific lifetime average daily intake, and 

Sfj = Route-specific slope factor. 

However this linear equation is valid only at low risk levels (i.e., below estimated cancer risks of 

I x I O-‘). EPA (1989a) recommends that if cancer risk estimates from the linear low-dose model 

exceed I x IOwL, then an alternate calculation, the one-hit equation, should be used instead. The 

one-hit equation for high risk level is: 

Risk = 1 - exp ( -LADI, X SF,) 

where: 

exp = the exponential. 

Cancer risk estimates are usually summed across all chemicals and exposure pathways applicable 

to a receptor population to obtain the total excess lifetime cancer risk for that population. 



5.4.5 Assessment of Noncarcinogens 

The potential for adverse health effects associated with noncarcinogens (i.e., organ 

damage, immunological effects, birth defects, and skin irritation) usually is assessed by 

comparing the estimated average exposure dose to the RfD. EPA develops the RfD by 

identifying the no observed adverse effect level (NOAEL) or lowest observed adverse effect level 

(LOAEL) in scientific literature, then adjusting that value using uncertainty factors (UFs) so that 

the resulting RfD is protective of the human population. NOAELs and LOAELs may be obtained 

from either human epidemiological studies or animal studies; however, because human data often 

are lacking, they usually are obtained from laboratory animal studies in which relatively high 

doses are administered. UFs are applied to the NOAELs and LOAELs to compensate for the data 

limitations of the critical study (or studies) and for the uncertainties associated with differences 

between the study conditions and human exposure situations. The usual bases for application of 

UFs are as follows (EPA 1989,): 

. A UF of 10 is used to account for variation in the general population. 
This factor is intended to protect sensitive subpopulations (i.e., the 
elderly and children); 

l A UF of 10 is used when extrapolating data from animals to humans. 
This factor is intended to account for the interspecies variability 
between humans and other mammals; 

l A UF of 10 is used when a NOAEL is derived from a subchronic, rather 
than a chronic, study; and 

l A UF of IO is used when a LOAEL is used instead of a NOAEL. This 
factor is intended to account for the uncertainty associated with 
extrapolating data from LOAELs to NOAELs. 

In addition to the UFs listed above, a modlfymg tactor (Ml-‘) IS apphed: 

. An MF ranging from I to 10 is included to reflect a qualitative profes- 
sional assessment of additional uncertainties in the critical study and in 
the entire database. The default value for the MF is I. 

To calculate the RfD, the appropriate NOAEL (or the LOAEL if a suitable NOAEL is 

unavailable) is divided by the product of all of the applicable UFs and the MF: 

, 

RfD = NOAEL or LOAEL/(UFl x UFz... x MF) 
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EPA assigns a qualitative level of confidence (i.e., low, medium, or high) to the RfD based on its 

confidence in the critical study and the database (supporting studies). The relative degree of 

uncertainty associated with the RIDS and the level of confidence that EPA assigns to the data and 

the toxicity value are considered when evaluating the quantitative results of the baseline HHRA. 

RfDs typically are expressed in units of mg/kg-day. EPA frequently provides noncancer 

toxicity criteria for inhalation exposure as reference concentrations (RfCs). The RfC value is 

reported as a concentration in air (mg/m3) for continuous ,14-hour-per-day exposure. The RfC is 

derived in essentially the same way as the RID. However, the analysis of inhalation exposures is 

more complex because ot the dynamics of the respiratory system and its diversity across species 

and differences in the physicochemical properties of contaminants (EPA 1989a). For risk 

assessment purposes, the RfC must be converted to a corresponding inhalation RfD. A human 

adult BW of 70 kg and an inhalation rate of 20 m’/day are used to convert between an inhaled 

intake and a concentration in air: 

RfD (mg/kg-day) = RfC (mg/m’) x 20 (m’/day) a l/70 (kg) 

The RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of the daily 

intake in humans, including sensitive subgroups, that should not result in an appreciable risk of 

deleterious effects (EPA 1995e). The RfD is used as a reference point for gauging the potential 

effects of other exposures. Usually, exposures that are less than the RfD are not associated with 

health risks. The likelihood of adverse health effects in a human population increases if the 

predicted exposures exceed the RfD. However, it is not possible to state definitively that all 

exposures below the RfD are acceptable (risk-free) and that all exposures above the RID are 

unacceptable (causing adverse effects). 

NuucaIcillugenic risks arc usually assessed by calculating a hazard quotient (HQ), as 

follows: 

HQ = CDI/RfD 

where: 

HQ = Hazard quotient. 

CD1 = Chronic daily intake. 

RfD = Reference dose. 
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HQs that are associated with the same type of critical effect should be summed across pathways 

and chemicals to obtain a hazard index (HI) for that effect. An HI greater than I .O indicates that 

adverse effects might be possible, whereas an HI less than I .O indicates that adverse effects 

would not be expected. 

Oral and inhalation KfUs used in the quantitative assessment for the selected COPCs are 

presented in Table 5-23. The table also lists for each RfD the target organ and critical effect in 

the critical study, the overall UF used to derive the RfD, and the level of confidence EPA has in 

the RfD. 

5.4.6 Route-to-Route Extrapolation of Reference Doses and Slope Factors 

Once substances have been absorbed via the oral or dermal routes, their distribution, 

metabolism. and elimination patterns (biokinetics) are usually similar. For this reason, and 

because dermal route Ktl)s and SFs are usually not available, oral.route RfDs and SFs are 

commonly used to evaluate exposures to substances by both the oral and dermal routes. When 

this is done, the oral toxlclty value, which is based on administered dose, must first be adjusted to 

an absorbed dose basis because dermal exposures are expressed as absorbed doses. The dermal 

SF of a chemical is estimated by dividing the oral SF by the fraction of the administered dose that 

is absorbed through the gastrointestinal (Cl) tract. The dermal RfD is estimated by multiplying 

the oral RfD by the fraction of GI absorption. Table 5-24 lists the oral absorption fractions and 

resulting dermal toxicity values that were used in this risk assessment. 

Although inhalation route biokinetics differ more from oral route kinetics than do the 

dermal route kinetics, oral RfDs and SFs may also be used to evaluate inhalation exposures if 

inhalation route RfDs and SFs are not available, and vice versa. This approach may not be 

appropriate for some chemicals whose biokinetics and toxicity by oral routes differ considerably. 

EPA should be consulted for recommendations on a case-by-case basis. 

Extrapolation of toxicity values from one route to another is inappropriate and is not 

done if rhe crirical effect for either roure is af the point of contact. For example, Ingestion of 

carcinogenic PAHs causes stomach cancer, whereas dermal exposure causes skin cancer; 

therefore, the oral SF for benzo(a)pyrene, which is used IO assess risks from oral exposures to 

carcinogenic PAHs should not be used to estimate dermal cancer risks. 
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5.5 Risk Characterization 

This section combines the information developed in the exposure and toxicity sections to 

obtain quantitative estimates of potential risks to human health posed by the COPCs at the NTC 

sites. It also compares those estimates with risk levels deemed acceptable by EPA. 

Section 5.5. I describes the processes for estimating carcinogenic and noncarcinogenic 

risks. Section 5.5.2 presents the risk estimates for the two sites and Section 5.5.3 summarizes the 

results of the HHRA. 

5.5.1 Risk Estimation Procedures 

5.5.1.1 Carcinogenic Risk Estimation 

Potential carcinogenic risk is usually assessed by multiplying the estimated LADI of a 

carcinogen by its estimated SF to obtain the estimated risk, expressed as a probability of that 

exposure resulting in an excess incidence of cancer (i.e., more cancers than would normally be 

expected in that population). However, if the carcinogenic risk exceeds I x 10-I the “one-hit” 

model should be applied (see Section 5.4.4). The excess cancer risk for exposure to each 

chemical by each route of exposure, category of receptor, and exposure case is initially estimated 

separately. The risk estimates are then summed across chemicals and across all exposure routes 

and pathways applicable to the same population to obtain the total cancer risk for that population. 

Current EPA Superfund policy, as stated in the National Oil and Hazardous Substances 

Pollution Contingency Plan (EPA 1992d), is that acceptable exposures to known or suspected 

carcinogens are generally those that represent an excess upper-bound lifetime cancer risk to an 

individual of between 1 Om6 and 1 Os4. In addition, EPA uses the 1 OS6 risk level as “the point of 

departure for determining remediation goals” for National Priorities List (NPL) sites (EPA 

1992d). 

5.5.1.2 Noncarcinogenic Risk Estimation 

The potential for adverse effects resulting from exposure to systemic toxicants 

(noncarcinogens) is assessed by comparing the estimated CD1 of a substance to its RID. This 

comparison is performed by calculating the ratio of the CD1 to its corresponding RfD, which is 

the HQ. HQs should be summed across chemicals that produce the same type of adverse effects 

(e.g., liver damage), but should be kept separate if their critical effects are different. However, 

for screening purposes, HQs are commonly summed across all chemicals, exposure routes, and 

pathways applicable to a given population to obtain an HI for that population. 



For noncarcinogens, the EPA defines acceptable exposure levels as those to which the 

human population, including sensitive subgroups, may be exposed without adverse effects during 

a lifetime or part of a lifetime, incorporating an adequate margin of safety (EPA 1992d). This 

acceptable exposure level is approximately an HI of 1 .O. An HI for multiple chemical exposures 

could exceed unity even if no single estimated chemical exceeded its RfD. Therefore, when the 

total HI exceeds I .O, it is appropriate to consider the different toxic effects associated with the 

COPCs, and to derive separate HIS for chemicals or groups of chemicals based on the target 

organ or critical effect. If the estimated HI is less than I .O, adverse effects usually would not be 

expected. As the HI increases beyond 1 .O, the possibility of adverse effects occurring also 

increases. 

5.52 Risk Estimates 

Detailed tables containing estimates of potential exposures and associated risks for the 

scenarios described in Section 5.3.3 can be found in Appendix 0. A directory has been included 

to assist the reader in locating the exposure and risk estimates for specific exposure pathways, 

locations, and receptors. Tables 5-25 and 5-26 summarize the total cancer risks and noncancer 

hazard indices for all of the exposure scenarios evaluated from the detailed tables in Appendix 0 

and show for each scenario which exposure pathways and which chemicals are most responsible 

for the estimated risks. 

The following two subsections review the estimated risks associated with Sites I and 2 

that are presented in the tables, focusing on the pathways and chemicals associated with the 

greatest potential risks. 

5.5.2.1 Risks at Site 1: Old Landfill 

Using RME assumptions (see Table 5-25) the estimated potential excess lifetime cancer 

risk associated with recreational exposure to sediments at Site 1 is 3. I x I Oe6. This estimated risk 

is within the 10m6 to I Od range considered acceptable by EPA. The bulk of this total estimated 

cancer risk (87%) is associated with dermal exposure to beryllium. It should be noted that this 

dermal risk estimate has a high degree of uncertainty arising from the application of an oral SF to 

the dermal route, and the use of a conservative default dermal absorption factor (see uncertainty 

discussions in Sections 5.6.1.3 and 5.6.1.4). It should also be noted that the concentrations of 

beryllium detected in Site I sediments are similar to concentrations typically found in soil (see 

Section 5.5.2.3). The noncancer HI for sediment exposure ot 0.14 (see Table 5-26) is well below 

EPA’s acceptable level of 1 .O, indicating that noncancer health effects are unlikely to occur. 
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The estimated potential cancer risks associated with future use of groundwater at Site I 

are 2.9 x 10e5 for the child receptor and 7.8 x 10m5 for the adult receptor, primarily due to water 

ingestion (88% of the child total, 69% of the adult total). Chemicals that contributed most to the 

total estimated cancer risks from groundwater were arsenic (30% for children, 23% for adults), 

beryllium (25% for children, 2 1% for adults), and vinyl chloride (25% for children, 26% for 

adults). Other chemicals that contributed over 1% of the total groundwater cancer risks were 

chloroform (due to inhalation by adults), di(2-ethylhexyl)phthalate. l,4-DCB, heptachlor, and 

TCE. Note that arsenic was detected once in each of two wells ( I &W-2 in January I994 and I- 

GW-3 in October 1994). beryllium was detected sporadically in several different wells, and that 

the concentrations detected were not greatly elevated above typical levels; for a perspective on 

the natural occurance of arsenic in the environment see Section 5.5.2.3. Vinyl chloride. 1,4- 

DCB, and TCE are clearly site-related contaminants. Vinyl chloride was detected in wells I- 

GW-8 and 1-GW-9 near the southwest end of the landfill. I .4-DCB was also detected 

consistently in those wells as well as in two nearby wells southwest of the landfill, I-GW-3 and 

I-GW-5. TCE was detected in most wells southwest of the landfill; however, the highest 

concentrations were detected at I-GW-9 and l-GW-6. Chloroform was detected infrequently and 

at low concentrations in several different wells, which suggests that it may be a laboratory 

contaminant. 

The total HIS associated with groundwater use at Site I are 35 and 16 for the child and 

adult, respectively, both of which are above EPA’s acceptable level of I .O, due primarily to 

ingestion of manganese (child HI = 23, adult HI = 9.8), iron (child HI = 5.3, adult HI = 2.3), and 

antimony (child HI = 4.9, adult HI = 2.1). (Note that the exposure point concentration used for 

manganese was the maximum observed in site groundwater.) HIS above I .O suggest that adverse 

health effects from these chemicals are possible. Antimony, iron, and manganese cause different 

types of adverse effects than other CUPCs (changes in blood glucose and cholesterol levels, iron 

overload, and central nervous system effects, respectively); therefore, their HIS should be 

considered separately. No other individual chemical HIS exceed I .O. However, a number of the 

remaining COPCs in Site 1 groundwater (CB, chloroform, di(2-ethylhexyl)phthalate, 1,4-DCB, 

1,2-DCE, heptachlor, merhylene chloride, and thallium) may cause adverse effects lu the liver-. If 

the HIS for these chemicals are summed together, the total HIS for adults and children are 1.4 and 

1.5, respectively, which suggesrs the additional possibility of adverse liver effe~ls firm ground- 

water use. CB and thallium account for the bulk of the HI totals associated with liver effects. 

Of the chemicals driving the estimated noncancer risk5 frurrl grwuudwater USC at Site 1, 

CB, iron, and manganese are clearly site-related contaminants. CB was detected consistently at 



l-GW-3, l-GW-5, I-GW-8, and I-GW-9, the same wells where l.4-DCB was found. The 

highest concentrations of manganese and iron were also detected in those four wells. The 

situation is not clear regarding antimony and thallium, both of which were detected just once in 

the 7 I groundwater samples collected from site monitoring wells in 1994. 

5.5.2.2 Risks at Site 2: Fire Training Area 
Using RME assumptions (see Table 5-25), the estimated potential excess lifetime cancer 

risk associated with recreational exposure to sediments at Site 2 is 1.3 x 10 -6 . This value is 

within the I Oe6 to IO-’ range considered acceptable by EPA. As at Site 1, the bulk of this total 

estimated cancer risk (95%) is due to the estimated risk from derrnal exposure to beryllium, a 

value with a high degree of uncertainty. The noncancer HI for sediment exposure of 0.035 

(Table S-26) is well below EPA’s I .O benchmark, indicating that adverse effects from sediment 

exposure are unlikely to occur. 

The estimated potential cancer risks associated with future residential exposures to soil 

at the fire training pad are 3.3 x 10m6 and 1.8 x I OS6 for the composite adult/child and the child, 

respectively. These values are also within the I Om6 to I Om4 range considered acceptable by EPA. 

The estimated cancer risks are due entirely to arsenic. Note that arsenic is present naturally in 

soils, and the concentrations found in site soil are similar to typical levels (discussed insection 

5.5.2.3). 

Total HIS associated with residential soil exposures are I .3 for the adult/child and 2.8 for 

the child, both of which are above the 1 .O benchmark level. However, because the four COPCs 

in soil all have different critical effects, the individual chemical HIS should be considered 

separately. For the composite adult/child receptor, none of the individual chemical HIS exceeded 

1 .O. For the child, only iron exceeded the 1 .O benchmark, with an HI of 1 S. Bear in mind that 

the RfD for iron is based on the nutritional requirements of adolescents and adults, which are 

lower than the iron requirements of young children. The recommended dietary allowance for 

children is I .O mg/kg-day (National Academy of Science [NAS] 1989) three times greater than 

the RfD and twice the estimated intake from site soil. Note also that the concentrations of iron 

found in soil at Site 2 were not elevated above typical background levels. The exposure point 

concentration, 17,700 mg/kg, is not much greater than the geometric mean concentration of ’ 

14,000 mg/kg reported in Eastern U.S. soils (Shacklette and Boemgen 1984) and is well within 

the typical range for native soil 7,000 to 550,000 mg/kg (Dragun 1988). 

The estimated potential excess lifetime cancer risks from domestic use of groundwater at 

Site 2 are 5.4 x 10m4 for adults and 2.1 x 1 o-4 for children, above the 1 Ow6 to 1 Om4 range 
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considered acceptable by EPA. Most of the estimated cancer risk from groundwater is associated 

with water ingestion (78% for adults, 99% for children). Chemicals most responsible for the 

groundwater cancer risks were carcinogenic PAHs (50% for adults. 52% for children) and 

beryllium (36% for adults, 37% for children). Other chemicals that contributed over I% of the 

cancer risk were arsenic, aldrin, chloroform, and I, I ,2,2-tetrachloroethane. Note that the PAHs 

were detected only once or twice in well 2-GW-8, immediately south of the bum pad, and that 

the exposure point concentrations used were the maximum observed values. Aldrin was also 

detected just once in the same well. 1,1,2,2-Tetrachloroethane was detected only in well 2-GW- 

12, which is located just south of the oil separator pit near the discharge pipe. 

The total HIS associated with groundwater use at Site 2 are I6 and 37 for adults and 

children, respectively, primarily due to ingestion of iron (child HI = 17, adult HI = 7.4) and 

manganese (child HI = 18, adult HI = 7.7). The exposure point concentrations of iron and 

manganese were also the maximum observed concentrations in site groundwater. The maximum 

concentration of iron was detected in a sample from 2-GW-5 that had a higher-than-average 

aluminum level, which suggests that it may have been due in part to suspended sediments in the 

sample. Manganese concentrations in groundwater were elevated at 2-GW-4,2-GW-5, 2-GW-8, 

and 2-GW- I I. 

5.5.2.3 Perspective on Arsenic and Beryllium 

Major portions of the estimated cancer risks associated with exposure to environmental 

media at both sites are due to arsenic and beryllium. Because these substances are naturally 

present in soil and water, and thus in food and water, humans are exposed to these substances on 

a daily basis. To put the estimated site-related risks into perspective, it is important to be aware 

of background levels and potential exposures that are not site related. 

Using RME assumptions, the potential excess lifetime cancer risk to future residents at 

Site 2 from exposure to arsenic in the soil was estimated to be 3.3 X 10s6. However, even the 

highest arsenic concentration that was detected in the soil, 1.1 mg/kg, was no greater than typical 

background levels. The average level of arsenic found in the earth’s crust is approximately 2 

mg/kg (NAS 1977). Typical arsenic concentrations in soil range from approximately 0.1 to 40 

’ mg/kg, with a median of approximately 6 mg/kg (Society of Environmental Toxicology and 

Chemistry [SETAC] 1988). Arsenic concentrations found in the four background sediment 

samples ranged from 0.62 to 1 .O mg/kg. 

Whereas beryllium was responsible for the bulk of the estimated cancer risks associated 

with recreational exposure to sediments (3.1 X low6 and 1.3 X 10e6 at Sites 1 and 2, respectively) 



the exposure point concentrations for beryllium, 0.83 I mg/kg and 0.380 mg/kg, were also within 

typical background levels. Beryllium concentrations in soil range from approximately 0.01 to 40 

mg/kg, with a median of approximately 0.3 mg/kg (SETAC 1988). 

Cancer risks estimated for use of groundwater by future residents (7.8 X IOm5 at Site I 

and 5.4 X lOA at Site 2) were also due in large part (over 40%) to arsenic and beryllium. 

Arsenic was detected infrequently in groundwater, and the reported concentrations were only 

slightly greater than the quantitation limit. The highest concentration was 2.3 ug/L reported at 

Site I. Arsenic is widely distributed in groundwater and finished drinking water in the United 

States. Arsenic levels in groundwater average approximately I to 2 ug/L (IARC 1980). The 

average arsenic concentration reported in a study of tap water from 3,834 United States 

residences was 2.4 ug/L (EPA 1982). The arsenic concentrations detected in site wells are 

similar to these averages and well below the EPA MCL for arsenic in drinking water of 50 ug/L 

(EPA 19953). 

Beryllium was detected in groundwater more frequently than arsenic. At Site I, 

beryllium was detected in groundwater at concentrations of 0.3 ug/L or less, essentially the same 

as concentrations detected in the Site I background well. At Site 2, beryllium was usually 

detected in groundwater at concentrations less than 0.5 ug/L. Still, the range of concentrations 

detected at Site 2 (0. I5 to 6.3 ug/L) was higher than the concentration detected in the upgradient 

well. The beryllium concentrations detected in Site 2 groundwater also appear to be elevated in 

comparison to typical tap water. In a study conducted by EPA (1980), beryllium was detected in 

5.4% of 1,577 tap water samples obtained throughout the United States, and the concentrations 

detected ranged from 0.0 I to I .22 ug/L, with a mean of 0. I9 ug/L. Note, however, that EPA’s 

MCL for beryllium in drinking water is 4 @L, (EPA 1995g), higher than all but the maximum 

concentration that was detected in site groundwater. 

Food is probably the greatest source of arsenrc and beryllium exposure for the general 

population. In the United States, food intake of arsenic has been estimated to be about 46 pg per 

day (Gartrell 1986). That estimated dietary Intake of arsenic is more than 20 times greater than 

the estimated exposure from use of groundwater at either site, and more than 100 times the 

estimated exposure from Site 2 soil. There is a lack of reliable data on the intake of beryllium 

from food. However, investigators have reported the total daily intake of beryllium to range ’ 

from 10 to 20 pg, with approximately 12 pg contributed by fuud (Tsalev and Zaprianov 1984). 

That estimated dietary intake of beryllium is over twice as great as the estimated exposure 

associated with groundwater use at Site 1 and over 20 times grcatcr than the estimated beryllium 

exposure at Site 2. 
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5.5.2.4 Nature of Potential Adverse Health Effects 

The site contaminants in groundwater estimated to pose potential excess lifetime cancer 

risks greater than IO -6 include aldrin, arsenic, beryllium, carcinogenic PAHs, chloroform, di(2- 

ethylhexyl)phthalate, 1,4-DCB, heptachlor, I, 1,2,2-tetrachloroethane, TCE, and vinyl chloride. 

Arsenic and vinyl chloride are classified by EPA as Group A human carcinogens. Oral exposure 

to arsenic is known to cause skin cancer, and there is mounting evidence that ingestion of arsenic 

may also cause kidney, liver, and lung cancer. Inhalation of vinyl chloride is associated with 

liver cancer, and oral exposure is associated with cancers of the lung and liver. Classification of 

TCE is still pending; however, EPA’s current position is that the weight-of-evidence places it 

between Group B2 and Group C, which indicates possible human carcinogenicity based on 

evidence in animals. The remaining carcinogens listed above are classified as Group B2, 

probable human carcinogens, based on carcinogenicity in animals. Beryllium has caused various 

types of tumors in exposed animals. Benzo(a)pyrene and the other carcinogenic PAHs can cause 

cancers at the point of exposure; oral, dermal, and inhalation exposures are associated with 

cancers of the stomach, skin, and respiratory tract, respectively. Exposures to the other 

carcinogens are associated primarily with liver cancer; however, inhalation of chloroform is also 

associated with kidney cancer. 

Groundwater contaminants whose HIS approached or exceeded I .O include antimony, 

CB, iron, manganese, and thallium. Antimony exposures have been shown to cause altered blood 

chemistry and reduced life expectancies, and CB exposures have been shown to affect liver 

function in animals. Chronic ingestion of high levels of iron can lead to elevated iron levels in 

the liver and other organs, which can cause organ damage. Several studies suggest that ingestion 

of manganese can cause changes in brain chemistry; however, reports of adverse effects in 

humans from ingestion of manganese are rare. Thallium is toxic to the liver; liver necrosis, fatty 

changes, and altered serum enzyme levels have been reported in human oral studies. 

5.5.3 Major Factors Driving Estimated Site Risks 

The major factors driving the estimated site risks are the possible use of groundwater as 

a future drinking water source combined with: 

l The presence of chlorinated hydrocarbons (vinyl chloride, 1,4-DCB, 
etc.), arsenic, beryllium, iron, and manganese in groundwater at Site 1; 
and 
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l The presence of carcinogenic PAHs. I, 1,2,2-tetrachloroethane. 
beryllium, arsenic, iron, and manganese in groundwater at Site 2. 

Groundwater is used as a water supply source by residents outside the Port Deposit town 

limits: however. there is no evidence that existing wells outside the NTC have been affected by 

site contamination. Future exposure to groundwater contaminants could conceivably occur only 

if new water supply wells were installed within the affected areas. 

5.6 Risk Characterization Uncertainties 

The risk characterization combines and integrates the information developed in the 

exposure and toxicity asscssmcnts; thcrcforc. unccrtaintics associated with these assessments also 

affect the degree of confidence that can be placed in the risk characterization results. Toxicity 

asscssmcnt uncertainties and exposure assessment uncertainties are described in Sections 5.6. I 

and 5.6.2, respectively. Additional uncertainties. including those resulting from the risk 

asscssmcnt process itself, are described in Section 5.6.3. 

5.6.1 Uncertainties Related to the Toxicity Assessment 

Because of the number of assumptions, data points, and calculations used to derive 

toxicity indices, a degree of uncertainty is necessarily associated with the numerical toxicity 

values in any risk assessment. To evaluate the meaning of any risk assessment. one must 

consider the uncertainties in the assumptions made, the potential impact of quantitative changes 

in those assumptions on the risk estimates, and the relevance of the findings to real-world 

exposures and risks. 

5.6.1 .l Evaluation of Carcinogenic Toxicity Assessment Assumptions 

The COPCs have been evaluated by EPA using its weight-of-evidence carcinogenicity 

evaluation criteria and have been pla~cd in G~~oup A, human carcinogens, based on sufficient dnta 

in humans, or Group B, probable human carcinogens, based on limited data in humans or 

sufficient data in animals (EPA 1986). 

Rodent bioassay and epidemiological studies would require tens of thousands of animals 

w humans to detcrminc whether a chemical may be carcinogenic at low doses. As the relation- 

ship between tumor location, time to appearance, and the proportion of animals with cancer 

Jctel~mincs the estimated carcinogenic SF, animal bioassay or human epidemiological data are 

not routinely sufftcient for directly estimating SFs at low doses. Therefore, by necessity, 
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agencies such as EPA use models to extrapolate low-dose SFs from the results of higher-level 

exposures. The agencies also assume, based on prudent public policy, that no threshold exposure 

level exists for carcinogenic effects. In other words, every dose above zero, no matter how low, 

carries with it a small but finite risk of cancer. They also assume that the dose-response 

relationship is linear at low doses. This is contrary to approaches used for other toxic effects for 

which thresholds are assumed to exist. 

The current model favored by EPA and certain other federal regulatory agencies is the 

linearized multistage model. EPA uses the statistically derived 95% UCL for the slope, rather 

than a maximum likelihood value, for the SF. EPA has concluded. based on theoretical grounds 

consistent with human epidemiological and animal data, that cancer follows a series of discrete 

stages (i.e., initiation, promotion, and progression) that ultimately can result in the uncontrolled 

cell proliferation known as cancer. Consistent with that conclusion, the use of the linearized 

multistage model permits an estimation of SF that would not likely be exceeded if the real slope 

could be measured. However, compelling scientific arguments can be made for several other 

extrapolative models, which, if used, could result in significantly lower SFs than those estimated 

using the linearized multistage model. One such model is the one-hit model, which is used to 

estimate risks caused by exposures above the linear range of the multistage model. Thus, the 

current EPA SFs calculated using the linearized multistage model represent upper-bound values 

that are usually based on animal data and should not be interpreted as necessarily equivalent to 

actual human cancer potencies. It is this conservative value, nevertheless, that is used in this risk 

assessment on policy grounds for the protection of public health. 

5.6.1.2 Evaluation of Noncarcinogenic Toxicity Assessment 

Assumptions 
Key assumptions used in assessing the likelihood of noncarcinogenic effects are that 

threshold doses exist below which various noncarcinogenic effects do not occur and that the 

occurrence or absence of noncarcinogenic effects can be extrapolated between species and 

occasionally between routes of exposure and over varying EDs. The threshold assumption 

appears to be sound for most noncarcinogens based on experimental data as compared with the 

usual dose-response curves. One possible exception to this is lead, which may not have a 

threshold base for its noncarcinogenic effects (ATSDR 1993). 

The other assumptions generally appear to be true to varying degrees. The effects 

observed in one species or by one route of exposure may not occur in another species or by 

another route, or they may occur at a higher or lower dose because of differences in the bioki- 



netics of a compound in different species or when exposure occurs by different routes. The 

uncertainty in these assumptions is taken into account in the development of RfDs through the 

use of safety factors or UFs. These factors reflect uncertainty associated with species-to-species 

extrapolation and other differences between study conditions and the human exposure situation 

(exposure levels, durations, routes, etc.). Included are safety factors that account for variations in 

the general population to protect sensitive individuals. Uncertainty factors associated with RfDs 

used in this risk assessment range from as low as 3 for the oral RtD of manganese, which is 

derived from human chronic oral exposure studies. to as high as 10,000 for inhalation RtD of CB, 

which is based on a study of subchronic inhalation exposures of rats. 

The uncertainty factors used by EPA are conservative (health-protective) in nature in 

that they tend to overestimate the uncertainties so that the RfDs obtained are unlikely to be too 

high. Use of the resulting RfDs tends to overestimate the potential for noncarcinogenic effects 

occurring at a given exposure level. 

5.6.1.3 Route-to-Route Extrapolation of Reference Doses and Slope 
Factors 

The use of oral toxicity values to evaluate risks from dermal exposures adds uncertainty 

to the dermal risk estimates, because biokinetics and toxicity associated with the dermal route 

may differ from those associated with ingestion. The oral toxicity values were adjusted from an 

administered-dose basis to an absorbed-dose basis using oral absorption factors, which were 

estimated in most cases from very limited data. This is an additional source of uncertainty 

because oral absorption can vary widely depending on the chemical form, conditions of exposure, 

and the animal species being exposed. Although this practice adds uncertainty to the risk 

assessment process, it appears to be preferable to omitting dermal exposures from the 

quantitative risk assessment, which would increase the possibility of underestimation of the 

overall risks. 

5.6.1.4 Summary of Toxicity Assessment Uncertainties 

The basic uncertainties underlying the assessment of the toxicity of a chemical include: 

l Uncertainties arising from the design, execution, or relevance of the 
scientific studies that form the basis of the assessment; and 

l Uncertainties involved in extrapolating from the underlying scientific 
studies to the exposure situation being evaluated, including variable 
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responses to chemical exposures within human and animal populations, 
between species, and between routes of exposure. 

These basic uncertainties could result in a toxicity estimate, based directly on the underlying 

studies, that either underestimates or overestimates the true toxicity uf a chemical in the 

circumstances of interest. 

The toxicity assessment process Eomprnsatrs fur tllrse basic uncertainties through the 

use of safety factors (UFs) and modifying factors when assessing noncarcinogens, and the use of 

the 95% UCL from the linrarkd multistage model folk the SF when assessing carcinogens. The 

use of the safety factors and the 95% UCL in deriving the RfDs and SFs minimize the possibility 

that the tuaicity values used in the risk estimation process undcrcstimatc the true toxicity of a 

chemical. 

5.6.2 Uncertainty in the Exposure Assessment 

A number of factors will cause the estimated expoxuc levels to differ from the 

exposures that polential receptor populations may actually experience. This section will identify 

these factors; discuss the potential effects of the factors on the exposure estimates; and where 

possible and appropriate, estimate the degree of confidence that should be placed in the various 

assumptions and parameter estimates that have gone into the exposure estimates. 

5.6.2.1 Environmental Sampling 

Samples collected during the RI were intended primarily to characterize the nature and 

extent of contamination at the site. Accordingly, they were collected from locations selected in a 

purposeful or directed manner to accomplish that goal. Samples collected in a directed manner 

provide considerable informarion about each silt: but are not statistically representative of the 

contamination that may be present on the site as a whole. To gather statistically representative 

dara, rhe sampling locations need tu be selected in a random or systematic fashion, usually using 

a grid system. Data from biased sampling in areas of known or suspected contamination may 

overestimate the cuncentrations of chemicals in environmental media for the site as a whole. 

5.6.2.2 Analytical Result Limitations 

One aspect of the analytical data that could reduce the level of confidence in the 

estimates of conraminant concentrations is tht: inclusion of estimated results that may not have 
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the same precision and accuracy as data meeting all of the standard QA criteria. This is a minor 

concern. 

Another aspect is the use of analytical detection limits that could allow potentially 

hazardous concentrations of some chemicals to go undetected. Theoretically, the estimated 

cancer risks that would result if a number of carcinogenic chemicals were present in drinking 

water at close to their detection limits could exceed EPA’s benchmark risk level of 10m6. The 

chemicals of greatest concern with respect to inadequate detection limits are carcinogenic PAHs 

and vinyl chloride, which pose estimated excess lifetime cancer risks greater than I o-4 if present 

at their CRQLs in drinking water. Vinyl chloride is a known degradation product of PCE, TCE, 

and I ,2-DCE, which were detected in many groundwater samples. The uncertainty was reduced 

by the use of a special analytical method for vinyl chloride with a lower detection limit (I ug/L) 

during the last three sample rounds. Nevertheless, this source of uncertainty reduces the level of 

confidence that can be placed in the UCL of the risk associated with environmental media in 

which these contaminants could be present but undetected at levels close to their detection limits. 

5.6.2.3 Exposure Point Concentration Estimates 

Whenever possible, exposure point concentrations were estimated directly from 

measured concentrations in the exposure medium. However, if data were not available for an 

exposure medium, exposure point concentrations were modeled from concentrations measured in 

other media. Indoor vapor concentrations associated with domestic use of groundwater were 

estimated from groundwater contaminant data using a shower volatilization model developed by 

Foster and Chrostowski (1987). The volatilization model uses conservative assumptions for the 

various modeling parameters (e.g., water flow rate, air exchange rate, transfer efficiency, etc.) 

that may lead to overestimation of actual exposure concentrations in indoor air (see Appendix L). 

5.6.2.4 Exposure Estimation Calculations 

The primary uncertainty regarding exposure estimation calculations is associated with 

the selection of appropriate parameter values. The values used and a brief rationale for their 

selection are provided in Section 5.3.3.2, which describes the exposure calculations for the 

various pathways evaluated. Individual parameter values were selected so that the overall 

pathway exposure estimates would approximate RME that are conservative but still within the 

range of possible exposures. 

To illustrate the magnitude of uncertainty associated with the selection of exposure 

parameter values, potential residential groundwater exposures for adults were also estimated for a 



“central tendency” (CT) exposure case in which the upper-bound parameter values used for the 

RME case were replaced with average (either mean or median) values, consistent with Agency 

recommendations that reflect more typical exposures. Table 5-27 summarizes the differences in 

the parameter values used for the RME and CT cases, and the resulting risk estimates. 

Cancer risk estimates for the CT cases are only one-fifth as great as the RME estimates, 

due to the shorter assumed ED of nine years, which is the average length of residence for owner- 

occupied homes (EPA 19930, and the lower rates of exposure for the three exposure routes. The 

CT risk estimates for both sites are within the I OW6 to I Om4 range. 

Under the CT case, noncancer HIS for nonvolatile chemicals are approximately 70% of 

the RME estimates, due to the lower ingestion rate and shorter dermal exposure time. The HI for 

CB, which is volatile, drops even more under the CT case, to approximately one-third the RME 

estimate. The greater drop in inhalation risks results from the shorter exposure and vapor release 

times and the lower inhalation rate. Note that although they are calculated using parameter 

values that reflect average residential exposures, even the CT exposure and risk estimates are 

somewhat conservative because the exposure point concentrations are based on an upper-bound 

estimate of the average exposure concentrations. 

Additional uncertainty is associated with the procedures used to estimate dermal 

absorption of chemicals from soil, sediment, and water, which tend to overestimate actual 

exposures by the dermal route. Dermal absorption of most of the COPCs in soil and sediment 

were estimated using conservative default exposure factors recommended in EPA Region III 

dermal guidance (EPA 1995f)-1% for most metals (except arsenic) and 10% for pesticides and 

SVOCs. These default values, which fall at the upper ends of the ranges of absorption from soil 

that have been reported for each chemical group, may substantially overestimate actual dermal 

absorption of some individual chemicals and, therefore, the associated risks. For example, if 

dermal absorption of beryllium occurs at all, the amount absorbed through the skin is probably 

much lower than the 1% default assumption. In fact, oral absorption of beryllium is likely 1% or 

less. Using the 1% default absorption factor, the absorbed dose of beryllium through the skin 

from sediment was estimated to be approximately one-third as great as the administered dose by 

ingestion. However, on an absorbed-dose basis, the dermal dose estimated was about 30 times 

greater than the oral dose, assuming 1% gastrointestinal absorption. Consequently, the estimated 

risks associated with dermal exposure to beryllium in sediment are about 30 times greater than 

those associated with ingestion, which suggests that dermal exposures and the associated risks 

from beryllium are probably overestimated. 
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Derrnal absorption of inorganics from water was estimated by assuming steady-state 

absorption and using the permeability constant for water; however. the actual ability of metals to 

permeate skin is generally less than that of water. For organic compounds, dermal absorption 

from water was estimated using the recently developed non-steady-state procedure recommended 

in EPA’s dermal exposure guidance (EPA 1992~). The non-steady-state model requires a number 

of input parameters that are difficult to measure and, therefore, must be estimated. These include 

the dermal permeability constant, which is probably the most uncertain parameter in the dermal 

dose equation. The non-steady state approach gives more conservative (higher) estimates of 

absorbed doses than the traditional steady-state approach, which for some compounds seems 

overly conservative. For example, the model estimates a dermal dose of di(2- 

ethylhexyl)phthalate resulting from a 15-minute shower that is more than twice as great as the 

dose from drinking 2 liters of water per day. This suggests that the risks associated with the 

dermal absorption pathway have probably been overestimated. 

5.6.2.5 Steady-State Assumption 

All of the’exposure calculations used in this risk assessment assume that the concen- 

trations of COPCs in the source media are at steady state and remain constant for the duration of 

the potential exposure periods, which range from IO to 30 years. Actual COPC concentrations 

could remain the same or possibly decrease over these time periods depending on both site- 

specific and chemical-specific factors. 

The sites are currently inactive. At Site 2 the primary sources of present site contamina- 

tion have been removed. The steady-state assumption appears to be appropriate for inorganic 

COPCs in soil and sediment. Because they are relatively immobile and do not degrade, the 

concentrations of inorganic COPCs in soil and sediment will probably change very little over the 

exposure periods of interest. Though some organic compounds. notably pesticides, are also 

relatively immobile and persistent in the environment. they can migrate slowly from soils and, 

under favorable conditions, they can degrade as a result of chemical or biological transforma- 

tions. This suggests that some COPC concentrations might actually decrease. VOCs and SVOCs 

can evaporate from surface and near-surface soils and sediments, thereby reducing their 

concentrations in these media over time. 

Contaminant levels in groundwater could increase or decrease (by dilution, dispersion, 

or degradation) depending on many site- and chemical-specific factors; however, they are 

expected to decrease over time, as the sources of groundwater contamination have largely been 

eliminated. Prior to capping of the landfill at Site 1, precipitation could freely infiltrate landfill 
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wastes and soils, transporting soluble contaminants to groundwater. The recently completed 

landfill cap should prevent or substantially reduce further leaching of contaminants from the 

landfill. The contaminated soils at Site 2, which were the source of groundwater contamination, 

have been removed. 

Concentrations of organic chemicals in groundwater should decrease substantially over 

time because, in addition to dilution and dispersion effects, they may biodegrade if conditions are 

favorable. However, some of the chlorinated hydrocarbons present in site groundwater (TCE, 

I ,2-DCE, etc.) can degrade under anoxic conditions to a more toxic chemical. vinyl chloride. 

The steady state assumption could potentially underestimate groundwater risks if vinyl chloride 

concentrations actually increased. However, substantial increases in vinyl chloride levels seem 

unlikely, as vinyl chloride is also subject to biodegradation, dilution, and dispersion processes. 

Overall, the steady-state assumption probably significantly overestimates the future 

concentrations of site-related contaminants in groundwater given the remedial actions that were 

completed in 1995. 

5.6.3 Other Uncertainties 

Two additional factors need to be considered when discussing uncertainties associated 

with the overall risk characterization: the cumulative effect of using conservative assumptions 

throughout the process, and the likelihood of the exposures that have been postulated and 

estimated in the exposure assessment actually occurring. 

The cumulative effect of using conservative assumptions throughout the risk estimation 

process could be to substantially overestimate the true risks. The RAGS human health evaluation 

manual (EPA 1989a) recommends that individual parameter values be selected so that the overall 

estimate of exposure represents a RME. In many cases, the statistical distribution of a parameter 

is unknown, and the risk assessor, using best professional judgment, is left to select a value that is 

sufficiently conservative to avoid underestimating the true risk, yet not so conservative that the 

resulting risk estimate turns out to be unreasonably high. When in doubt, the risk assessor will 

usually elect to err in favor of protecting human health and select a value that results in 

overestimating the true risk. In summary, the nature of the risk estimation process itself 

ensures that the true risks are much more likely to be overestimated than underestimated. 

The last uncertainty factor to consider is the likelihood ofthe postulated exposures 

actually occurring. The soil and sediment exposure pathways identified as complete under 

current land-use conditions are all plausible, and exposure IS either currently occurrmg by these 

pathways or such exposure could reasonably be expected. Conversion of the site (except the 



landfill) to residential use and exposure of future residents to site soils and sediments is also 

plausible. The postulated frequencies of recreational exposures to sediments may overestimate 

average occurrence, but could certainly reflect the exposures of some individuals. Exposures to 

groundwater contaminants are not now occurring because there are no water supply wells in areas 

affected by groundwater contamination. However, future installation of new water supply wells 

in the affected areas, although unlikely, cannot absolutely be ruled out. 

I I CD71711RCl357~J21?YD2 
5-48 



SOURCE RECEIVING MEDIA MIGRATION PATHWAY EXPOSURE MEDIA 
RECEPTORS ANDROUTES OF 

EXPOSURE 

Site 2: Fire Training Area 
Past Pesticide Use 

Burn Pad Runoff * 

Separator Pit Wastewater’ 

Surface Soil + Wetland b Site Visitors 
Future Residents 

1-b Surface Runoff 

Surface Soil 
l Dermal Contact 
l Incidental Ingestion 

1 

+ Surface Water -b Overland Flow in Nearby Streams. Site Visitors, Off-site Residents, 
and Sediments in Ditches and Streams 

+ 
Surface Water 

b 
Future Site Residents 

Drainage Ditches 

Site 1: Old Landfill 
Buried Wastes 

Disc!r g e to I 
Surface Water 

b $;eiieIIitw;;h - (Fis~~~~~e,s) 

r 

l Dermal Contact 
l Incidental Ingestion 
l Fish Consumption 

Migration in 
Groundwaler 

t 

b Graundwater -+ Groundwater Users 
l Ingestion 
l Dermal Contact while 

Bathing or Showering 
l Vapor Inhalation while 

b Subsurface Soils - Migration to Showering 

1 z;;;;;;;n . SurfaceSoils 

Future Site Residents 
Future Development 

b 
or Workers 

l These sources have been removed. 
(Fire Training Area) l Dermal Contact 

l Incidental Ingestion 

Figure 5-l CONCEPTUAL SITE MODEL FOR THE BAINBRIDGE NTC 
SITE 1: OLD LANDFILL AND SITE 2: FIRETRAINING AREA 
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Table 5-l 

nwy ok- ni~xiniuni DETECIEI) CONCENTIL\TI~NS mmirwc IN SOII. ANI) SEDIMENT 

Site I : Old Landfill Silt 2: Fire Training Area 

HBSC 

OIlhI E&ERI Ollhl ELEHI 
EgiEHl Conlirmalion E&El11 

Scdiyents salllplcs Sediments’ 
\Vclland 

Surface Soils’ 
\\‘ctlayd 

Soils 
Otlhl Trsin$ig 

Arca Soils 
Training Arc! 
Soil Borings 

lnorgnnics (tug/kg1 

Aluminum 

Arsenic 

Barium 

Berylliunl 

Cadnii.tm 

Calcium 

Chromium 

Cobalt 

Coppe. 

Iron 

I ead 

Magnesium 

hlanganese 

hlercuy 

Nickel 

Polassluni 

Selenium 

Silver 

Sodiunl 

7.800” 

0 43F 

550” 

0 19 

3 9” 

39” 

470” 

290” 

2.300” 

400a 

160” 

2 3” 

160" 

- 

39” 

39” 

- 

r- 
.9,6BO 30,&i I.710 NA NA NA ” 

2.0 5.9 “0.83 
." ,.. .: 

NA NA NA ‘.. “’ 1.1 

515 I46 37 NA NA NA 78 

3.3 LI 0.38 NA NA NA NO 
I 

3 I NO I 3 NA NA NA 2.5 

30.000 3.590 853 NA NA NA 2,490 

‘-I?4 29 7 72 NA NA NA 23.8 

89 6 I4 3 II NA NA NA 3.9 

4’ 6 23 6 88 NA NA NA 15.7 

192,COO 4&30 ,' a.070 NA NA NA ’ 17,700 

387 I42 209 N.4 NA N.4 28 3 

6,540 4,250 I.110 NA NA NA 2,800 

$,@o .. 934 477 NA NA NA : :.: 638 
I 

I I 0 I5 ND NA NA NA 0.16 

51 I 12.5 97 NA NA NA 76 

2.260 3.190 I.380 NA NA NA 3.750 

NO 0 89 NI) NA NA NA ND 

NII ND 0 86 NA NA NA NO 

2,360 294 700 NA NA NA ljl 
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.Table 5-l 

SUnlnlAKY OF hl.kXlnlUhl DETECTED CONCENTRATIONS HEhlAlNlNG IN SOILAND SEDIRIENT 

<‘hcnliral I<BS:c 

Sire I: Old Landfill 

Ollhl 
E&EM Confirmation 

Scdiycnls Samples 

Silt 2: Fire Training Arcs 

ESLEHI Ollhl E&EHI 
E&ERl 

Sedimcnls’ 
\\‘clland IVrtlard 

SUr~dCC SUils’ Soils’ 
Dllhl Trnin&ng 

Area Soils 
Training Arcg 
Soil Borings 

Page 2 or 5 

I 

I 

I halllunl 0 55” hD I.2 ND NA VA NA ND 

JanaJi0m 55” 6% 42 7 132 NA qA NA 29 6 

!inc 2,300” 166 678 1 42 2 NA VA NA 43 

C‘yanide 160” 41 ND !  I4 NA VA NA 51 

PesliriJcs (pglkg) 

J,J’-DDD 2.700’ 210 lb a2 1.200 2.100 820 ND 

J.-l’-DOE I .900c 230 4 I 395 I 200 I.730 130 ND 

J.J’-D[ll I .900C 410 70 205 350 I.430 230 ND 

Aldrin 3sc -; I 22 ND Nil ND ND ND 

Chlordane7 49oe 690 2.3 ND NII NII ND ND 

beta-IIIIC 350’ Nl1 lb ND ND ND ND ND 

Endosullw I 47.000” ND ND ND NI) 104 ND ND 

l‘ndrin 2.300” NII ND NI) ND ND ND 13 

I leprachlur I-IOC 29 ND ND ND NI) ND ND 

llep~achlor epotide 7oc 17 ND ND ND NII ND ND 

NII I3 NII ND ND 

Scnli~olatilc Orgallirs (pg/hg) 

2.hlelh)I~~aplril~ale~e 3 10.000”* SO0 ND ND NA NA 12,700 2,900 

I,4-Dkhlorobenzene 27,000’ 93 ND ND NA NA ND ND 

AcenaJhthene 470,000” 1,200 ND ND NA NA ND ND 



Table 5-l 

SUhlRlAIW OF nlAX~hllJh1 DETECTED CONCENTRATIONS REhlAININC IN SOIL AND SEDlnlENT 

SIC I: Old Landfill Site 2: Fire Training Arca 

Qllhl E& E RI olmi E&ERI 
E&EHI Confirmation E&EHI Wcllsnd \\‘ctlar d 

Chcnlical KBSC Scdiyenls Samples Sediments* Surhcc Soils’ Soils 
1 

oiini Train4,g 
Area Soils 

Training Arcg 
Soil Borings 

,cenaph\h>lene 

inlhracene 

lenzo(a)anlhracene 

Ienzo(l)pyrene 

knzo(:>)fluoranthene 

3 I o,ooo”‘8 Ij.000 ND ND NA NA ND ND 

!.300.000” 27,000 NO 56 NA NA ND ND 

880’ .’ oi,aill ND I50 NA NA ND IJO 

88’ .. 51,000 ;zo 70 NA NA ND 126 

880C ‘&oo 130 140 NA NA ND 7.l 

Indeno(l.2.3-cd)p)lenc 

Naphrtalene 

Phenwthrcnc 

880’ 38,OW 75 ’ 72 NA NA ND I70 

3 10.000” I .7DO ND 1 ND NA NA ND 230 

3 I o.ooo”~* I20,oDO I20 260 NA NA NO 5,300 
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Table 5-2 

SUMMARY OF MAXIMUM CONCENTRATIONS DETECTED 
IN SURFACE WATER AND SEEPS 

Chemicnl 

lnorgnnics @g/L) 

L RBSC 

Aluminum I 730.000” I 399.000 1 ~~~ I ~ 333.000 115 

Antimony 

Arsrnic 

;lYO” 58.7 ND ND 

9.7= US.7 552 ND 

Bnrlum 5 I .OOO” 2.540 6.970 3n; 

Bcrylltum 4 nc 40.5 37 ND 

Xcium - 156.000 2 I6.000 19.600 

Zhromium 3.600” 532 XX 3.5 

inc 220 000” 2.980 3.230 

recvcir?d paper 5-57 



Pqr 2 of 3 

Table 5-2 

SUMMARY OF MAXIMUM CONCENTRATIONS DETECTED 
IN SURFACE WATER AND SEEPS 

Site I: Site 2: 
Old Landfill Fire Training Area 

ESrERI 
Surface 

Chemical RBSC Water/Seeps* OHM Seeps 
E SL E RI Sgrface 

Water 

Pesticides (pg/L) 

J.I’-DDD 71C 0.81 ND ND 

J.-l’-DDE 50 0.18 ND ND 

-1.-I’-DDT 50’ 0.1 I ND ND 

Llcrho\-ychlor 3.600° 0.3 I ND ND 

Semivolatile Orgnnics (pg/L) 

I.J-D~chlorobcnzcnc 710c 9 ND ND 

Dicthyl phrhnlalc 580.000h 430 ND ND 

D~(Z-~rhylh~s~l)~ht~~~l~~~c I .‘20’ 22 I 6 

Vol:ltilc Orgnnics (PC/L) 

;> lsnr (ruInI) I .500.000” 2 ND ND 

Dcrlvcd liom the xlion lsvcl I’or lend in drinking water (EPA 199la). 

RBSC nssoan~cd \rIth n cxar risk of 10‘6. 

IWX ~%oc~nlcd IL Ilh 3 hazard index of 0. I. 

RBSC ol’naphrhnlcns used ;IS surrogate. 

- Escludcs sample Iwxuon PI-SW-IO. which was in an arca that ws later remediated. and background lbcation 

3 
PI-SW-3. 

Escludcs snmplc locations P?-SW-6 P2-SW-7. and 2-SW-J. xcas that wre later rcmcdiatcd. and background 

Iwmon P?-SW-S. 
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Table 5-2 (Cont.) 

Note: Voluos hi_chli_rhtad by shading exceed their respective RBSCs. 

Key: 

- = NW rrponrd. 
ND = Nol drtrcred. 

RBSC = Risk-based screening concentration based on incidental ingestion of IO ml/day. 
pg/L = Microgrnms per liter. 
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Table 5-3 

KC! *II cd ot’lnhlc. 

i I ,‘n-,‘, RC,1~7.llK’u”.,l. 

recycled paper 
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Table 5-3 

SUMMARY OF MAXIMUM CONCENTRATIONS DETECTED 
IN GROUNDWATER’ 

Chemical 

Pr,tkides (pg/L) 

Aldrin 

Hqmchlor 

Mrrhovychlor 

RBSC 

0 oo$ 

0.0023c 

IX” 

Site I: 
Old Landfill 

ND 

0.05s 

0.17 

Site 2: 
Fire Training Area 

0.11 

ND 

O.li 

Semivolatile Organics (~E:/L) 

I .Z-Dichlurobcnzsnr 

I .J-Dichlurohsnzrnc 

27” 22 ND 

O.JJC 28 I 

!-Chlorophcnol 18” 5.5 ND 

!-Mcrh~ln;lpllltl;lt~n~ I so” ND 3 

\ccn;lphrhcnr 220” ND I 

\ccnoph~hylcw IW”. ND 

\nthmccnc l.lOO” ND I 

Icnzo(3)nri~tir;lc~ns 0 092’ ND 

!cnzo(a)pyrms 0.009, ND r 

)~nzo(b)lluoranthcns I 0.002’ 

I so”.’ ND 

o.9zc ND 1 

hrycne 

Di-n-bur~lphlh;lt31r 

Di(l-~rhylllc\-!,lIphlhnl;lts 

Dlcthylphrh;kw 

Dimrthvlnhth;llntc 

3.JC ND 3 

9.? ND 2 

370” 2 2 

d 25 110 

7.900” 45 I 

37.000n 32 49 

73n ND 3.5 

I? ND I2 

Fluoranrhcnc I I 5on I IO 

Fluurcne 

Indcno( l.X-at$y37r 

150” ND 71 

0.092’ ND 2 
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Table 5-3 

SUMMARY OF MAXIMUM CONCENTRATIONS DETECTED 
IN GROUNDWATER’ 

Chemical RBSC 

Naphthalsne 150” 

Phenanthrene I 50”.’ 

Pvrene 110” 

Site 1: Sik 2; 
Old Landfill Fire Training Area 

3 20 

ND 63 

ND I-1 

Volatile Organics (BglL) 

I .2-Dichlorocthcne 

I .2-Dichloropropane 

Acetone 

Carbon disullide 

5.5” 120 2 

0.16’ I ND 

370” 6 4 

I on” J I 

Chlorobenzcnc 

Chloroform 

Ethylbenzcnc 

Mcthylenr chtoridc 

I. I .2.2-Tclrachlorocth3nc 

Trtrachlorocthrne 

Trichloroc0xnc 

Vinvl chloride 

3.9” 355 ND 

0.15c 4 16 

130” ND 2 

J.IC 47 100 

0.057’ ND 8 

I.IC I ND 

1.6’ 24 2 

0.019’ 2.s2 ND 

Xylcnc (talnl) 57” 2 4 

c Screening Icvcl for lcnd m drinking w;Itcr (EPA I99 In). 

RBSC associntcd with a cnnccr risk of IO-‘. 
n 
l RnSC xssocintcd wtth n hazxd inks of 0. I. 

3 RBSC of naphthalonc used as surrogntc v;~Iuc. 

- SAS method results thr vmyl chloride. 
3 

The m&ximum concrn~muon. which wns dckckd in the unliltcrcd sample collcctcd liom I-GW-I I 
In October IWJ. is nppnrcntty associnkd with suspcndcd scdimcnt; nlumlnum was not dcrcctcd In 
rhc corrcsponti~n_c tilkrcd sample. Excluding that rcsulI. [he highest aluminum concentration 

j detec~sd in groundwatcr wns I.600 @L. which is below rhe RBSC. 

Cxcludcs bxkpund wells I -GW- I and 2-C W. I. 

Notes: Values hl_rhtightcd by shading esceed their rcspcctive RBSCs 

Key XI end oftable 
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Table 5-3 (Cont.) 

- = Not reported. 
ND = Not detected. 

RBSC = Risk-based screening concentration based on drinking water ingestion 
pg/L = Micrograms per liter. 
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Table 5-1 

COMP.ARISON OF METALS CONCENTRATIONS IN SITE SEDIMENTS 
AND SOILS TO BACKGROUND LEVELS (mg/kg) 

SITE 1: OLD LANDFILL 

B:~cL~ruund Sdimrut’ RI Site Sediment2 OHM Site Soil/Sediment 
3 

Dctcction Concentration Detection Concentration Detection Concentration 
Frcqucnry Range Frequency Rmge Frequency Range 

J/J IO 3 - 27.5 ‘9129 12.1 -6X 12/12 16.6 - 42.7 

, Includes sample IOC~IIO~IS: PI-W-3. Z-SD-5 (sampled wicc cnch). 

L I~~cludcs sample Iocat~ons: PI -SD-J thrwgh PI -SD-9. rind PI -SD-I I (sampled ~wicc cnch): I -SD-2 through I-SD-J. and I- 
j SIl-7 through I -SD- IX 

I~~ludcs 01 IM’s post-c\c;l\;1tton snmplcs: composite snmplcs .AC. UC. CC. DC. EC. FC. and discrctc samples 3AC. 3BC 

I C’c’. I DC. I EC. 2nd I IX 

recvc:ed paper 
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Table 5-5 

COMPARISON OF IMETALS CONCENTRATIONS IN SITE SEDIMENTS 
AND SOILS TO BACKGROUND LEVELS (mg/kg) 

SITE 2: FIRE TRAINING AREA 

Aluminum 

i\rscnic 

Ucryllium 

Iron 

klnngimcse 

Bnckground 

Detection 
Frequency 

4/J 

-I/‘4 

IV.4 

J/J 

-l/J 

Sediment’ Wttktnd Sedrments’ 
Training Arcf 
Soil Borings 

Concentration Detection Concentration Detection Concentration 
Range Frequency Range Frequency Range 

I .380 - 3.190 515 1.050 - 3.710 919 4.330 - 15.700 

0.62 - I.0 515 0.62 - 0.83 219 0.51 - I.1 

<I .o 315 0.22 - 0.3x o/9 Cl.0 

4.470 - 27.800 515 3.320 - x.070 919 IO. IO0 - 17.700 

170-40, 515 IS’)-Ji7 9f9 I07 - 638 

I 
, Includes sarnplc locn11017s: PI-SD-3 and PZ!-SD-5 (sampled fwicc each). 

3 
Includes snmplc localtlons. F-SD-X (sr~mplcd IWICC) and Z-SD-I through Z-SD-3 

IncluJcs samplus: 2-GW-9-SBZ and -Sl32A: and 2-Bl I- I B. - IC. -2B. -3B. -J/t. -40. ;md AC. 

recvcled paper 

5-67 



5-68 



Page 1 of I 

Table 5-6 

COhlPiRISON OF METALS CONCENTIWTIONS TN SEEPS AND 

SURFACE WATER TO BACKGROUND LEVELS (/.tg/L) 
SITE 1: OLD LANDFILL 

RI Surface Water/Seeps’ OIIM seep? 

Local Background 
Surface Water 
Concentration Detection Concentration Detection Concentration 

(PI-SW-3) Frequency Range Frequency Range 

Arsenic c2.0 8l29 <2.0 - 44.7 213 <2 - 552 

Beryllium <5.0 llR9 0.16 - 40.5 213 <0.7 - 37 

Iron <IO0 31129 67.1 - 833.CQO 313 2.660 - 5.280.000 

Thallium < 10 on9 < 10 213 co.7 - 935 

’ Includes all Site 1 surface waler locations except PI-SW-3 and PI-SW-IO. which was later rcmediared. 
’ Includes samples: Seep A, Seep B. and Seep B2. 
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Table 5-7 

COMPARISON OF METALS CONCENTRATIONS IN 
SITE GROUNDWATER TO BACKGROUND LEVELS bg/L) 

II Antimony 

II Iron 

SITE 1: OLD LANDFILL1 

Quantitation 
Limit 

Background Well 
(l-cW-l)b 

Detection Concentration 
Frequency Range 

Site hlonitoring Well? 

Detection Concentration 
Frequency Range 

; Table includes only metals retained as COPCs after risk-based screening. 

Background and well summary includes dau from 1991 and 1994 sampling rounds. 
’ Sire monitoring well summary includes data from the 1994 sampling rounds. 
d Excludes the October 1994 sample from I-GW-I 1. which had a high suspended sediment content. 
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Table 5-8 

COMPARISON OF METALS CONCENTRATIONS IN 
SITE CROUNDWATER TO BACKGROUND LEVELS @g/L) 

SITE 2: FIRE TRAINING AREA” 

Background kVell 
(?-cw.I) Site 3lonitoring WellsC 

Quxntitntion Dctcction Concentration Detection Concentration 
Limit Frequency Ranec Frequency Rnngc 

I 6 - 7.420 

il 

b 
Table includes only metals rctaincd 3s COPCs nl\cr risk-bnsud scrccnmg. 

C 
Unckground 2nd well summary includes data From 1991 and 1994 sampling rounds 

Si~c momtoring well summary includes data liom the I994 sampling rounds 
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Table 5-9 

SUMMARY OF CHEMICALS OF POTENTIAL CONCERN 

Site 1 Site 2 

Chemical 1 Siiment 1 Groundwater 1 Sediment 1 Sub~?ce 1 Groundwater 

Mrd~yle~~r chluridc 

Trichloroethene 

Vinyl chloride 

X x 

X X 

X 

a Chrysene did not exceed its RBSC. but was included along with the other carcinogenic PAHs. 
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Table 5-10 

POTENTIALLY COMPLETE EXPOSURE PATHWAYS AT 
SITE 1: OLD LANDFILL 

Potentially Exposed 
Populations 

Pathway 
Exposure Routes, Media, and Selected for Reason for Selection 

Loc3tions Evaluation or Exclusion 

Current trespassers, 
future residents 

Direct contact (incidental 
ingestion and dermal contact) 
with contaminants in 
sediments/soils in drainage 
ditches 

Yes COPCs (mainly metals and 
PAHs) were identified in 
sediment and soil in 
drainage ditches near the 
landfill. 

Direct contact with seeps and 
surface water in the drainage 
ditches 

No Potential exposures from 
contact with surface water 
are below levels of concern. 

Recreational boaters, Direct contact with chemicals in No Site-related contaminants are 
swimmers, and fishermen surface water and sediment in unlikely to reach me river ir 

the Susquehanna River and sufficient quantity lo pose 
consumption of fish from the significant human health 
river. risks, given the low 

concentration in stre3m 
surface water and furrhcr 
dilution upon discharge IO 
me river. 

Users of downstream Drinking water consumption 
wafer supplies and dermal contact 

No Site-related contaminants are 
unlikely to reach the river ir 
sufficient quantny to pose 
significant human health 
risks, given the low 
concemration in stream 
surface water and further 
dilution upon discharge to 
ihe river. 

:uture residents Drinking water consumptton 
and dermal contact during 
showerrng wnb contaminated 
groundwater downgradient of 
the site 

Yes COPCs have been idenrrfird 
m groundwater 
downgradrent of tire Irlntllill. 

Inhalation of vapors released to Yes COPCs in groundwater 
indoor air from groundwater include volatile organic 

while showering chemicals. 
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Table 5-11 

POTENTIALLY COMPLETE EXPOSURE PATHWAYS AT 
SITE 2: FIRE TRAINING AREA 

Potentially Exposed 
Populations 

Pathway 
Exposure Routes, Media, and Selected for Reason for Selection 

Locations Evaluation or Exclusion 

Current tresp3ssers. 
future restdents 

Direct contact (dermal contact Yes Some metals are present m 
and incidental ingestion via sediment at concentrsrions 

hand-to-mouth transfer) with that exceed RBSCs. 
contaminants in sediments in the 
wetland. drainage ditches and 
Happy Valley Branch 

Direct contact with surface 
water 

No Potential exposures from 
contact with surfrice writer 
3re below levels of concern. 

Recreririonnl bn.,ri=rr. Direct cnnuct with chemicals in No Site-related cont3mm;lnts are 
swimmers, and fishermen surface water and sediment in unlikely to re3ch the river rn 

the Susquehanna River, and sufficient qusnrity to pose 
consumption of fish from the signific3nt human he3lth 
river risks. given the low 

concentrations in the H3ppy 
Valley Branch and further 
dilution at the river. 

Users of downstre3m Drinking water consumption 
water supplies and derm3l contact 

No Site-related conwmin3nts 3re 
unlikely to re3ch the river in 
sufficient quantity to pose 
significjnt human health 
risks, given the low 
concentrations in the Happy 
Valley Branch and further 
dilution at the river. 

%ture residents Drinking water consumption 
and dermal contact during 
showering with contaminated 
groundwater downgradient of 
the site. 

Yes COPCs h3ve been identified 
in groundwater 31 the site 

Inhalation of vapors released to Yes COPCs in groundwater 
indoor air from groundwater include volatile orgsnic 
while showering. chemicals. 

Direct contact with Yes Some metals are present in 
contaminants in soils unearthed soil at concentrations that 
by excavation during site exceed RBSCs. 
development 

recyc!ed paper 
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Table 5-12 

Exposure Point Concentrations for the Bainbridge Naval Training Center, Port Deposit. Maryland 

Exposure 
Medium Location Chemical 

Number of Number of Expo. Point Expo. Point 
Units Samples Detects Cone. Cont. Source 

Sediment Sire I: Old Landlill Aluminum 

AWXIIC 

Benzo(a]anthracene 

Benzo(alpyrene 

Benzo(bjtluoranthenc 

D~~,zo[k~tluumnthcn~ 

Beryllium 

C’hlordane 

C‘hromium(VI) 

Cll~WK 

Dihenz[a.h]3nthmccne 

Indrno( I .?.I-cd]pyrsrw 

I ran 

hlUlgXlCSC 

Th;~ttiwl 
Vwadium 

. 
.r3p W;wr Silt I Old Lnndtill Antimony 

Arsenic 

IIcryllium 

Cxtmium 

Chlorohcnzcnc 
C’ltlorrk~rm 

C’hromium(VI) 

t~l(?-clllyltlcsyl)pIllll~lt~~le 

I~ichl~~r0henzenc. I .J- 

IXchI~~roclhcne. f .?- 
(hl~xed isomers) 

I)i~llhlroprop;lne. I .2- 

I Icplxhtor 

lW1 

~l;lll!pl”“c 

&le~tlytene chloride 

,N~ckcl. soluble snh 

Th;~lti~m~ 

TrvAloroc~ticne 

Vinyl chloride 

8.9?E+rl3 UCL - lognomi 

I53E*OO UCL - lognorm 

I 07E+OO UCL - tognomi 

I OOE+OO UCL - lognoml 

I JJE-00 UCL - fogKJrm 
6 67C-01 UCL lOglO”l\ 

R3lE-(II UCL - tognorm 

3 ISE-02 UCL - lognorm 

I 68E+ot UCL - loo,norm 

I l3E+OO UCL - losglorm 

j 37E-01 UCL - lonnoml 

7 02li.01 UC-L - logw0mr 

2 XSE+nJ UCL - lognurm 

I iSI<+ UCL _ logncrrm 

I O~lli’OO UCL _ lognorm 

2 (Al:+0 I UCL . lo:mlrm 

.i 0 I i:-rl? 

I O.ll:-03 

2 s’III-clJ 

2 5 I r:-03 

4 ‘IXli-02 

J ItoE- 

7 651:.-03 

h 1~111-03 

‘J J II:43 

I jcri-02 

- ^. 
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Table S-13 

Exposure Point Concentrations for the Bainbridge Naval Training Center, Port Deposit, Maryland 

Exposure Number of Number of Expo. Point Expo. Point 
Medium Location Chemical Units Sampler Detects COllC. Cont. Sollrcr 

Sedimcm Site 2: Fire Tmg. Area Arsemc mS/kg c 5 S.30E-01 Max Dct 

Beryllium mgkg 3 3 3 SOE-0 I hlav Drr 
Iroll mgkg > S 07E+Oj blm Del 

Manganese m$kg \ 7 4.77E*O? hla~ Del 

Soil Site 2. Fire Tmg. Area Alummum 

Arsenic 

Iron 

Mrmgancse 

Tap Wxcr Site 7. Fire Tmg. Area Aldrin 

Aluminum 

Arsenic 

Bcnzo(a]anthrsccnr 

Benzu(3]pyrcnr 

Bcnzo(bllluornnlllcnc 

Bcnzo[lc]lluuranll~cnc 

Beryllium 

Cadmium 

Clllorufbrm 

Chrumium(VI) 

Cl1ryscnc 

DI(‘-ulllylhcxyl)plltll;ll;llc 

Dichlurobcnzcne. I .J- 

Indenu[ I .X-cd lpyrcnc 

Iron 

Mangnncsc 

hlcthylcnc chlorldc 

‘rclr~cI~IorocIIi~II~c. I. I .X- 

I‘h;~llium 

Trichlorocthcnc 

Zinc 

mr/Lg 
mg/kg 

@kg 
mtikc - - 

mr/L 

m$L 

mdL 
my/L 

m?L 

m$L 
IllgIL 

Ill&t 

mcJL 

mg/L 

m@L 

IllgIL 

mtil. 

mg/L 

m&u. 

q/l. 

IllL?/L 

m&4. 

mtil. 

Ill&k 

m@L 

IlldL 

7 I45E+OJ UCL - lognorm 

7 S 15E-01 UCL - loqlorm 

7 I i7tz+o-l Mm Drt 

7 i -IJEt UCL - lognorm 

UCL - lognorm 

UCL - lognomi 

UCL - lugnonn 

hlnx UCI 

Xlm Dcf 

hlax Dct 

h1.n Dct 

(JCL - lognurm 

UCL - lognomi 

WI. - lognoml 

UCL _ logwrm 

Xt;u Dct 

IICL - INyml 

h1n.v D~I 

hlnx Del 

May Dcr 

Max Dcr 

UCL - iognorm 

UCL - Iugnurm 

UCL - lognorm 

UCL - iog11un 

UCL - lugn”rm 
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Table 5-14 

RJXRRATTONAL SEDIMENT E,VOSURE: 
PATHWAY 1A - INCIDENTAL INGESTION OF CHEMICALS IN SEDIMENT 

ADOLESCENT 

Equanon: 

where: 

CS = Chemtcal Concentration in Sediment (mg/kg) 
IR = Ingestton Rate (mglday) 
CF = Conversion Factor (10e6 kg/mg) 
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (day/years) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged, in days) 

Variable Case Value (Rationale/Source) 

cs R\LLIE UCL or maximum observed concentration in stream sediment 

IR R.LI E 100 mglday (default value for adults; EPA 1991b) 

r-1 RtlE 0.5 (professional judgment) 

EF RME 50 days/year (professional judgment) 

ED 

BW 

4T 

10 years (professional judgment) 

32 kg (median body weight for age group 6-16; EPA 1989b) 

Pathway-specific period of exposure for noncarcinogenic effects (i.c.. IZD x 
365 days/year), and 70-year lifetime for carcinogenic effects (i.e., 70 years x 
365 days/year) (EPA 1989a) 

Key: 

R.1IE = Kensonable maximum exposure. 
UCL = 95% upper confidence limit of the mean. 
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Table 5-15 

RECREATIONAL SEDIMENT EXPOSURE: 
PATHWAY 1B - DERhlAL CONTACT WITH CHEMICALS IN SEDJMENT 

ADOLESCENT 

Equation: 

Absorbed Dose (mglkg-day) = CSxABSxCFxSAxAFxFCxEFxED 
BWx AT 

where: 

CS = Chemical Concentration in Soil (me/kg) 
ADS = Absorption Factor (Unitless) 
CF = Conversion Factor (10m6 mg/kg) 
SA = Skin Surface Area Available for Contact (cm’levent) 
AF - Soil to Skin Adhcrcncc Factor (mg/cm2) 
FC = Fraction of contacted soil/sediment from contaminated area (Unitless) 
EF = Exposure Frequency (events/year) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged, in days) 

Variable Case Value (Rationnle/Source) 

cs RME UCL or maximum observed concentration in site sediment. 

ABS RME 3.2% for arsenic, 1% for other metals, 10% for pesticides and semivolatile 
organic compounds (EPA 19950 

SA RME 3.100 cm2 (25% of median total body surface area for age group 6-16: EPA 
1992c) 

AF RME 

FC RME 

EF RME 

ED RME 

BW RME 

4T RME 

1.0 mg/cm2 (EPA 1992c) 

0.5 (professional judgment) 

50 days/year (professional judgment) 

10 years (professional judgment) 

42 kg (median body weight for age group 6-16: EPA 1989b) 

Pathway-specific period of exposure for noncarcinogenic effects (i.e.. ED x 365 
days/year), and ‘IO-year lifetime fur carcuwgcllir cffccts (i.c.. 70 years x 365 
days/year) (EPA 1989a) 

Key: 

RME =Reasonable maximum exposure. 
UCL =95% upper confidence limit of dre rne~n. 

I, CD717l~RCIU7~-FI 
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Table 5-16 

RESIDENTIAL SOIL EXPOSURE: 
PATHWAYS 2A - INCIDENTAL INGESTION OF CHEMICALS IN SOIL 

ADULT (AGE-INTEGRATED) AND CHILD 

Equation for chemical contaminants: 

cs x CF Age-Inregmred make (mglkg-dav) = - .r IRc s EDc x EFc f IRa .r EDa x EFa 
;I r BWC El Wa I 

Child ittfake (mglkg -ria.v) = C’S .r CF x IRc s EDc x EFc 
AT x BWc 

Where: 

CS = Contaminant Conccntrntion in So11 (mgkcg) 
CF = Conversion Fwor ( IO b kg/m& 
IRc = ingestion Ra~c for SolI. child ages l-6 (mgday) 
IRa = Ingestion R~IC for Soil. adult (mddny) 

EDc = Exposure Durntlon. child ages l-6 (years) 
EDn = Esposure Dura~on. adult (years) 
EFc = Esposure Frequency. child (days/year) 
EFa = Exposure Frequency. adult (days/ycnr) 

BWc = Body Weight. child ages l-6 (kg) 
BWa = Body Weight, adult (kg) 

;\T = Averaging Time (pcrlod over which cxposurc is avcragcd - days) 

V:lrinble Case Vnlue (Rntionalc/Sourcc) 

‘7 _. R!vIE/CT L!CL or maximum obscrvad conccntrntlon in soil nt Fire Training Area 

RME 

RME 

RUE 

Rh4E 

RME 

RME 

RME 

RME 

KME 

NO m&Jay (dcl’nult vnluc Ibr childrun: EPA I77 I h) 

IO0 mc/dny (default vnluc for adults: EPA I771 h) 

h ycnrs (cnr~re dumtinn rd‘:~pc proup’ EP.A 1771 b) 

24 years (adult portion of70th pcrccntilo time living at one rcsidcncc: EP.4 1791 b) 

350 d&war (EJ’A 1971 b) 

350 d~g&mr(EPA 177lb) 

I j kg (child average: EPA 1991 b) 

70 kg (adult average: EPA I99 I b) 

Pathway-specitic period of exposure for noncarcinogenic effects (i.e.. ED s 36; daysiyear). 
and 70-year lifetime for carcinugcnic cf‘fccts (i.c.. 70 years Y 365 days/year) (EPA 19893) i 

RME = Reasonable maslmum csposure. 
[JCL = 75% upper confidence limit of the man. 
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Table 5-17 

RESIDENTIAL SOIL EXPOSURE; 
PATHWAYS 2B - DERMAL CONTACT WITH CHEMICALS IN SOIL 

ADULT (AGE-INTEGRATED) AND CHILD 

Equatwn for chemical contammants: 

Wlicrc: 

CS = Contaminant Concentration in Soil (rtj~gkg) 
.AF = Soil to skin adherence factor (mg,km’) 

,\OS = Absorption Facrnr (unir rss) 
-6 

CT: = Conversion Factor ( IO kg/mg) 
S,\c = Skm surface area nvn~lable for contact. child XJC’J I-h (cm’/day) 
.%~a = Skin surfacc area available for contact. adult (cm-/day) 
EDc = Evposurc Dur;uiwl. LII~IJ ages I-G (ysars) 
EDa = Exposure Duration. adult (years) 
El-c = Exposure Frcqucncy. child (days/year) 
EI:;t = Esposurc Frequency. adult (dayslycnr) 

3Wc = Body Weight. child ages l-6 (kg) 
3Wn = Body Weight. adult (kg) 

AT = Averaging Time (period over which csposure is nvcragcd - days) 

Vnrinblc CZlSC Voluc (Rationalc/Sourcc) 

3 RhlE UCL or maximum obscrvcd conccntmtion tn so11 :tt Fire Tmining Arcn 
-I 

,I: RME I 0 ~n*~/cm (EPA 1992~) 

.llS RME 3 2% for nrscnic. I?/0 for OIIIU mctnls. 10% for pesticides and scmtvol;ttilc organic compounds (EPA 19951) 

/\C RME ?.Ol)f) cm’ (30% ofmcdinn body xcn ofchildrcn 3-t ycxs old: EPA 1092~) 

A;1 RME 5.000 cm’ (25% ofmcdinn xlult hody surfkc nrcn; EPA 1992~) 

DC RME 6 years (cmtrc duration ofngc group. EPA 1991 h) 

Da R!4E Z-1 years (adult portion of901h perccntilc time living nt one rcsidcncc. EI’A IWI h) 

ICC RME 350 dnys/ycnr (EPA 199lh) 

r:\ RME 350 days/year (EPA 199lh) 

\vc RME I5 bg (child nvcrngc; EPA 199 I b) 

wn RX1E 71) kg (adult avcmge: EPA 199 I b) 

T  RME Pntljwq-spccitic period of exposure for noncnrcinogenic elTccts (i.e.. ED x 365 days/year). and TO-yc~ lifetime 
/ix c;rrcmo_pcnic rtkcts (i.c.. 70 ycnrs x 365 dnys&cnr) (EPA 1989;)) 
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Table 5-18 

FUTURE RJZXDENTIAL WATER USAGE: 
PATHWAY 3A - INtiESI‘ION OF CHEMICALS IN DRINKING WATER 

(AND BEVERAGES MADE USING DRINKING WATER) 
ADULTS AND CHILDREN 

Equation: 

f~~roke (mp/kg -day) = 
CIV x IR x EF x ED 

EIYx AT 

where: 

CW = Chemical concentration in water (mg/L) 
IR = Ingestion rate (L/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged, in days) 

Variable Case 

cw RME 

IR RME 

EF RME 

ED RME 

3W RME 

91 RME 

Receptor 

Adult/Child 

Adult 
Child 

AdulKhild 

Adult 

Child 

Adult 
Child 

AdultfChild 

Value (RationalclSourcc) 

UCL or maximum concentra[ions in groundwater 

2 L/day (9Om percentile; EPA 1991b) 
IL/day (EPA 1989b) 

350 days/year (EPA I99 I b) 

30 years (90th percentile living rime at one 
residence; EPA 199 1 b) 
6 years (entire duration of age. group (EPA 1991b) 

70 kg (adult average; EPA 1991b) 
I5 kg (EPA 199lb) 

Pathway-specific period of exposure for 
noncarcinogenic effects (i.e., ED x 365 days/year). 
and 70-year lifetime for carcinogenic effects (i.e.. 70 
years x 365 days/year) (EPA 1989a) 

Key: 

RME = Reasonable maximum exposure. 
UCL = 95% confidence limit of the mean. 

recycled paper 
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Table 5-19 

FIJTIJRE RESIDENTIAL WATER USAGE: 
PATHWAY 3B - DERMAL CONTACT 

WITH CHEMICALS DURING SHOWERING OR BATHING 
ADULTS AND CHILDREN 

Equation: 
\vhrre: 

.-lbsorbed Jose (mg/kg-doev) = D.-l .r SA I EF .t ED 

DA = Dose absorbed per umt arca per event (mglcmL-c&&)’ ,‘IT 
SA = Skin surface mea avclil;lble for contxt (cm2) 
EF = Elposurc frequency (dnys/year) 
CD = Expowrr Jur;cc~un (yews) 
BW = 13ody wght (kg) 
/IT = :\vcrz$ng time (period over which exposure is averaged. in days) 

V:wiable Case Receptor Value (Ra~ion;~lc/Souru) 

DA RME Adult/Child Chemical-specific values used (calculation prcscntcd in Appendix 1. 
assumed IS minuts exposure time: EPA 1992~) 

SA RME Adult 
Child 

20.000 crg2 (total body median SA for adult mnlcs: EPA 1992~) 
6.600 cm (total body median SA for children 3-J years old: EPA 
I9924 

[:I: RXIE 

-D RME 

3w RILlE 

\-I‘ RME 

Adult/Child 350days/ycnr(EPA 199lb) 

Adult 30 years (90th pcrcontile time livmg ;Lt one rcsidcncc: EPA I99 I b) 
Child 6 yews (cdrc durntion of age group (EPA 1991 b) 

Adult 70 kg (adult nvcragc: EPA I99 I b) 
Child I5 kg (EPA 199lb) 

Adult/Child Psthway-spccitic period ofcxposurc for noncnrcinogenic effcc~s (i.e.. 
ED x 365 dayslycar). and 70-ycx lifcfirnc for cxcmogcnic effects (i.e.. 
70 years x 365 days/year) (EPA I989n) 

RAIE = Rcasonablc nwimum csposure. 
I’CL = tipper 05 pcrccnt contidence limit on the arrthmetic werage. 

5-95 



5-96 



Table 5-20 

FUTURE RESIDENTIAL WATER USAGE: 
PATHWAY 3C - INHALATION OF AIRBORNE (VAPOR PHASE) CHEMICALS 

ADULTS 

Equation: 
where: 

Inuke mq/k.g-day) = 
E,,,h x EF rED 

C Inh - Inhnlntion csposure per s I-/ ower (m&g-went) Jr 

EF = Exposure licquency (cvrnts/ycar) 
ED = Elposurc duration (years) 
AT = ,\vsragin_c time (period over which csposurc is nvcragcd. in days) 

~~ 

V:trinblc Cnsc Value (RrttionnlcLSourcc) 

Einh RME Values modclsd from VOC concentrations in groundwntcr 
using model from Foster md Chrostowski (19X7) (XC 
Appendix K) 

EF 

ED 

RME 

RME 

35Odays/yc~(EPA 199lb) 

30 years (90th perccntilc time living at one rcsidcncc: EPA 
139lc) 

f\T RME I’nthwny-spscitic period ofcsposurc Ibr noncnrcmogcnic 
cl’fccts (i.c.. ED x 365 dny.vycnr). and 70-year lifctlmc for 
cnrcinogcmc effcc~s (i.c.. 70 ycnrs I 365 dnyslycnr) (EPA 
I9X9a) 

RMI: = Rcasonnblr m;L\imum cxposurc. 
UCI, = 95% upper contidcncc llmlt ofthc mean 

recycled paper 
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Table 5-21 

WEIGHT-OF-EVIDENCE 
CATEGORIES FOR CHEMICAL CARCINOGENICITY 

HUMAN HEALTH RISK ASSESSMENT 

Group Description 

A Human Carcinogen 

B Probable Human Carcinogen: 
Bl: Limited human data are available. 
B2: Sufficient evidence in animals or no evidence in humans. 

C Possible Human Carcinogen 

D Not Classifiable 

E Evidence of Noncarcinoeenicitv for Humans 

Source: United States Environmental Protection Agency 1986. 

recvcled paper 
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Table 5-22 

‘t’oxicity tlltlicer for Carcinogenic Ellccts of COl’Cs at the Ilail\btidge Naval ‘l’r:rilrillg Center, Port Deposit, M:rryl;rnd 
__-- .__ 

Ciirciu- Slope Ilasir 
“gel, Exlbosure Factor Exposllre 

Chculical Class Route (nlg/Lg-Jay) -’ Target Organ Tumor I‘yt~e Ilnsis Spccics IlOlllC 

AIJnII II2 IllllalaliOll I7lI4OI Lvcr tivcr carciwula 1wuse/C3I I (Ikvis); dicl 
1r\ousclll6C3t~ I, 

~nalc (NCI) 

Ilcfer- 
ence 

Source 

1IU.s 

OIZII 1.71:t01 t.ivcr t:vcr catcinowa mousclC3I I (Ihvis); dicl INS 
1nouse/tl6C3l~ I, 

male (NCI) 
_--_.______~. 
Arscuic A lutiataliorl l.SEtOl Lung lung cancci huuiau, male huiau, iiiatc IIUS 

Oral l.SE+oo Skiu -_ llU111311 dridiug waler IIUS 

ul 
I 

0 

112 Inhalation 6.LEiOO _. __ __ -_ Other 111’A 
DUCS. 

Oral 7.3E-01 __ __ __ . . NCEA 

lJenzo[a]pyreue II2 Inhalah 6.tEiOO Kcspiralory Incl -_ llanlsler Ihlah~ I IEASI 

Oral 7.3E+00 I~oresloumh Squanmus cell cmcinoma Cl% mice, sex oral, die1 IRIS 
WtU~OW~ 

lnhatalicm 6. I Et00 . . -. __ __ Olh lll’h 
I)OCS. 

Oral 7.3E-01 __ . . .- _. NCEA 

112 tuhalalion 6.1Et00 . . . . ._ . . Olher EPA 
DOCK 

Oral 7.3E-02 __ __ __ -_ NCliA 

u2 Iuhalalion 8.4Etoo h1g Luug IUIIIo(S huuau IlUlWll IKIS 

Oral 4.3tz+oo Whotc body gross tu~no~s, all silts combincd raUl.oug-Evans. mnlc drillhiug waler IKIS 

Abbfeviulious used: NClih: III’A’s Nahnal Cenlci for Enviromwnlal Assersuienl; IlEAST: EPA’s lleallh lifteclr Asscssu~cnl Sulnnlav’I’akS; 
IIllS EPA’s Inlegtad Risk loforma,ion Sys~cm dalabrrc; NA: Nd Available; 0. Oral 
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Table 5-22 

‘Toxicity Indices for Carcinogenic llffec~s of COI’CS at the Bainbritlge Naval l’raining Center, Port Deposit, Mnryhd 
- 

Carcill- Sl0p Ihsis Ilcrcr- 
ogen Exposure I’act0r Exposure encc 

Clleulicnl Class ItOUtC (rnglkg-day) -I Targel Organ ‘I‘untor Type llnsis Species tloulc Source 

112 Irdlalaliun I 31300 I.ivcr l~cpalocc ItlIar carcirwna nlollsc/CI)-l diet IllIS 
(Vclsicol); 

IlKxlsc/ll6CJI~l 
(NCI) 

cn 
I 

R 

Oral 1.311too Liver I~c~~aloccllular carciuoula Illousc/CI)-I Jicl 
(Vclsicol); 

II ousc/l36C31: I 
(NCU 

IIUS 

[I2 lullalalion 8 OE.02 Liver bcpaloccllular cztwziuwta n13usc. lwz3I~ I, n~ousc, DGC3Fl. IWS 
fcutale rculalc 

Oral 6 III-03 Kidrxy ail kdncy IUIIIO~S ral/0sborllc-hlctldcl, drillkiug waler IRIS 
Illale 

_____ 
Cluoutiunl(Vl) 

-__ 
Cllryscne 

A Inltalalion 

Oral 
-~___ 

II2 Iullalaliou 

4 2E101 h1g ILug CilllCCI llulllall llU111311 IKIS 

NA -- . . -_ __ __ 
-__ ----_~ 

6 II:+00 _. . . . . _. Olller EPA 
lklcs. 

Oral 7.X-01 _. __ -. -_ NCliA 
-___ _I- - - 

Ui(Z-clliyll~cxyl)pl~~ltalarc I)2 lrdmlalion NA __ _- ._ -_ -. 

Oral I .4E-02 Liver hlousc/lI6C3l~l, IIHIC lqmloceilular 
carcinon~a and 

ndcuotna 

dicl IRIS 

____-- ___ 
I)2 lubalalion 6. IEtOO _. __ __ -_ NCEA 

Oral 7xtoo . __ . . -_ NCEA 

Dicltbrobenzcne. l.4- C lrd~alation NA -. ._ -- _- __ 

Oral Z.IE-02 Liver __ hlousc oavngc I IIXYI 

Abbrcvialions used: NCEA: EPA’s National Ccn~cr far Erwironuwtal Asscssmcnl; IIEAST: EPA’S tlcallh Efkc.ls ASSCSSlllcllt %nlnlarY ‘lablcs; 
IIIIS: EPA’s Intcgralcd Risk lnforwalion Sys~t~ dalabasc, NA: Not Available; 0: Oral 
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Table 5-22 

Toxicity Indices for Carcinogenic Erfecls ol COW3 at the [lainbridge Naval Training Cellter, Port LIeposit, Maryland 

Chewicnl 

Ciwcin- Slope Basis Refer- 
ogen EXpOSU’C Fittl0r Exl,osure ence 
ChSS ROUtt (mg/k;-day) -1 Tnrgel Orgrrl Tumor Type lhsis Species Route Source 

I)icl~locopropaw, 1.2. 112 Iullalalion NA . . __ .- __ _. 

_-_____ 
I le~,lsclllor 

Oral 6.8E-02 Liver __ Mouse Gavagc I Icns’l 

112 lnllalalion 4.5lItoo Liter llcpalotcllular cafcinoum nlouscK3II; die1 II(IS 
Inousc/ll6CJ1:l 

Oral 4sEtoo LiVCI Ircpalotcllular carcinonms n~ousclC3ll; diet 1RlS 
Illousc/l~6cJl~I 

II~~CIIO( I ,2,3-cd]pyrcuc 112 Inhalalion 6.IEtOO ._ __ .- -. OIIKX EPA 
DOCS. 

Oral 7 3E-01 ._ _. .- __ NCEA 

112 Inhala\ion 1.6E-03 Liver. lung combined adenomas aud mousc/ll6C3FI, mousclll6C3l:l. IRIS 
carcinomas female fclll~lc 

Oral ?.SE-03 I.lVCf I lcpalotcllular adcnomns or h~ollsclU6CJi:l Ilrlralalion IIUS 
carcinomas (NW) and (..errbalc, N’FP; malt. (NIP). drinking 

Ircpatoccllular cancer and NCA) waler (NCA) 
ncoplssric nodules (NCA) 

~l‘crraclrlorocllrarrc, I ,1.2,2- c Irrlialaliofi 2.06-01 Liver Ilcpal~ccllular carciuoma Mousc/Il6CC3l:l &wage IKIS 

Oral !  OE-01 Liver Ilcpalocrllular carcinoma Mouse/ll6CCJ1~l Guvagc IKIS 

~fritlrforo~llryl~rl~ 

Virryl Chloride 

I32 lrdralarioa 6.OC-03 Liver __ Mouse liilialaliorr NCliA 

Oral l.lE-02 L.iver .- Mouse Gavnge NCEA 

A lnlialalion I OE-01 Liver _- Kar Inlialaliori I I~ASI’ 

Oral ..9E(OO Lurr:, Liver __ lhl dicl 1 IEAS’I 

Al&revialions used: NCEA: EPA’s Narional Ccnrcrfor Environrncnlal Asscssmcnl; IIEAST: EPA’s Ilealtlr EKccu Asscssrr~~nl Summary Tables; 
IKIS: Lil’A’s Ir~ccgta~ci llisk Irhm~ation S~srcm databaic; NA: Not Availablc; 0. Oral 
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Table S-23 
Toxicity Estimates for Noncarcinogenic Effects for the Uainbridge Naval’I’raiuiug Center, Port Ikpusit, M;tryhwl 

Cllewic:ll 

Rclcrcoce Conri- Refcr- 
Exlbosure Dose Ulicel t hlod ~dencc elite 

ttoule 1111) Type (u~g/kg-day) Factor Factor Level Target Organ Crilical Effect Source I);tle 

Aldrill N/j ._ _- -_ 

3 01:.05 IO00 I htcdim 

3.OE.05 1000 -. -_ 

_. -. 

I.ivcr I.ivcrloxicily 11~15 311188 

Liver Lesions I IliASl S/3 II95 

Ild~alalioil Chronic 

Oral Chronic 

Subcbtonic 

N,, .- . . _. 

I .OEiOO 100 -- Medium 

I .w+oo 100 .. Mcdiul 8 

NCEA 6120194 

NCXA 

I~d~alaliw Chronic I .7E-06 1000 .. bfcdium Lung Alveolar ~~~acrol~l~a~cs NCEA Il123IY3 

Ora1 Cluonic 4.OE-04 1000 I Low Wl\olc body Lmgcvily, blood glucosc,nnd IRIS 211191 
cl~oleslcrol 

Subcllroliic 4.OE-04 1000 .. .- Wbolc body lwcascd morlalily i iixr S/l 1195 

Arsenic Ildnlatioo Chronic 

Old Chronic 

N,, __ ._ __ 

TOE-04 3 I Medium 

__ 

Skin 

_- 

Ilypcrpigcllcl~ation. kcralosis 
and possible vascular 

cowplicalions 

. . 

IllIS 3/l/93 

Subchronic 3.OE-04 3 _. ._ Skin Kcralosis, t~ypcrpiglllclllelioII I Il:hsI S/3 II95 

NA -- -. __ . . ._ . . 

OIlI Chronic NA ._ _. ._ __ .- . . 

Subclwollic NA -. . . ._ ._ ._ _. 

lllllalalioti Chronic NA -. -- ._ _- __ ._ 

Oral Chronic NA -. -_ ._ _- __ ._ 

Subcbronic 

Illl~alaliofr Clirollic 

N,j -. -_ __ __ 1. . . 
-___ 

N,j __ __ __ __ _- . . 

Abbreviations used: NCIZA: Naliwal Cmlcr for Environmental Asscssn~~~l; I IEAST: EPA’s Ilcal~b Lflectz ASSC~~IIICIII Sumwary ‘l‘ublcs; IIUS: 
WA’s In~cgrawd Kisk lllf’omaiioll SYSICIII database; NA: Nol Available 
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Table 5-23 

‘I’oxicily Kslimales for Noncarcinogcrlic Effects lor the Ilainbritlgc Naval Trainillg Ccntcr, I’orl Deposit, Mnrylnutl 

Chemical 

Reference COlIci- ilcfcr- 
Lxposure DOSC Unctrl hlod dence ellce 

Route ltn) Typt (u~g/kgdny) Frclor Frclor Level Target Organ Crilical Effect Soul-cc I)RlC 

Subchronic Nh ._ _. _. . . . . -_ 

OId Clwouic N,\ ._ __ . . __ _. -_ 

Subchronic NA _. __ ._ _. -. _- 

Ihylliam hhalation Chronic 

Old Chronic 

Subclwouic 

NA -. __ .- 

S.OE-03 ICO I Low 

5 OE-03 ICO -- -- 

. . 

_- 

. . 

__ 

No adverse ctTccts 

None observed 

__ 

IKIS 2/l/93 

I Itxx 5131195 

Malalioo Cllrouic 

Oral Chronic 

Subchronic 

,.,A _. -- . . 

5 OE-04 ID I I ligli 

S.()E.()J __ ._ . . 

_- 

Kidney 

.- 

__ 

Signiticanl prolcinuria 

__ 

-_ 

IKIS 211194 

Clw. Oral 
IUD 

Chlordanc lohalaliotl Chronic ).J/\ ._ . . -. ._ __ __ 

Oral Chronic 6.OE-05 IGOO I Low Liver Kegional liver l~ypcmopl~y ifi IKIS 11 I I89 
fcmatcs 

Cldorobenzcnc 

Subchronic 

Iohalalion Chronic 

Oral Chronic 

Subclwouic 

6.OE.OS 1000 -- -- 

5.7E-03 10000 -- -- 

2.m.02 IO00 I htcdium 

2.CE.02 ._ -_ _. 

Liver 

Liver 

Liver 

__ 

Ilypcrlropliy I IEAST 513 I195 

IXCCIS IIEAS’I s/31/95 

Ilislotmllwlogic cllallgcs in liver IKIS 1/t/93 

_. Chr. O.nl 
11111 

lnhalalion Chronic 

Oral Cliroilic 

I.IE-02 

I .OE-02 

300 .- hlcdiulll Liver Necrosis NCEA 

I300 t hfcdiunl Liver I:ally cyst forwaliou in liver IICIS 911192 

Abblcvialiotls used. NCIIA: Nalional Ccnkr for Environ~ncn~al Asrcss~ncnl, IIEAST: El’h’s I Icallh Ehzu Asscss11lc111 Suwnary ‘I’ablcs; IRIS: 
EPA’s hlcgratcd Kisk Inhmahn Syshn dztabasc; NA: No\ Available 
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Table 5-23 

Toxicity Estimates for Nowzarchogerric Effects for the Uaitlbridge Naval’l’raillillg Cellter, Port Dellosit, MaryhwI 

Cliewical 

Reference couri- Refer- 
Exposure Dose Uncert ni0d .dence ente 

Route l{fD Type (~~~glkg-day) Factor Factor Level Target Organ Critical Effccl Source bate 

Clllorurollll Oral Subchronic I .OE-02 1000 -. -- I.ivcr Lciions I IiiAS’I 513 t/95 

Cluolliium(VI) lul~alalio~l Chronic I I E-06 100 -- Low Rcrpiralory l~acl I)iKusc na5al symplon~r NCEA 511493 

Oral Cluonic S.Oli-01 500 I I.OW __ No ellcc~s rcpor~cd IRIS 211195 

Subchronic Z.OE-02 100 _- -- -_ None obscwcd t tt:A%l S/l 1195 
-- -___.- 
CllrySCllC Ildlalalion Cluonic NA -. __ . . __ _- . . 

Old Chronic N,j ._ __ . . ._ _- 

Subchronic NA -. -. __ __ .- __ 

I)i(Z-cll~ylhcxyl)plill~alale InMarion Chronic 2.9E-03 1000 -- Low Lullg LIITCCIS NCEA 31 I 8196 

Old Cbroiiic 2.OE-02 1000 I hkdiunl Liver kreased rclilive liver wcigbl IRIS S/l/YI 

Subchronic Z.OE-02 3000 -- hlcdiutu Tester Decreased wtigbl. cbaugcs in NCliA 3120196 
cnzya,e levels 

I)ibellr[a.ll)allll,racenc Iubalatiou Chronic NA _. . . __ __ . . ._ 

Ofal Chronic NA _. _. __ ._ . . ._ 

Subchronic NA -- _. __ _. __ ._ 

I~icl~lotobenzcne. l,4- Iubalaliorl Chronic 2.3E-01 100 I hlcdium Liver Increased liw wcighls ill 1’1 
malts 

IlilS l/l194 

Oral Chronic NA -- __ ._ ._ __ ._ 

Subcbronic N,j -- ._ __ .- __ ._ 

Ilicl~lorocll~ylcne, I ,2- 
(hlixcd isonicrs) 

lnbalalion Chronic NA .- _. __ ._ -_ ._ 

Oral Chronic 9.OE-03 1000 -- ._ Liver I.:sions I111A5’1’ 3/J I/93 

Subchronic 9.OE.03 1000 -- -. Liver I.:sions I IEAST 313 1193 

Abbrrvialions uwd: NCEA: National C:IIIU for linvironn~cntal Asscss~ucnl; IIEAST: WA’s Ilcaltb Elkcls Asscrsrncnl Swnmary Tables; IllIS: 
EPA’s I~llegraled Itirk Inforrnalion Syslcm dalabasc; NA: Nol Available 
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l‘;1blc s-2.3 

Toxicity I<slinlales for Non:nrciuogcnic I<flec~s TOI- tl~c D:liltbritlgc Naval ‘l‘r-ailling Ccnlcr, 1’01 I Iklwsit, Rl;~ryl:~ntl 

. . . . . . . 

I.00 I,ivcr Live \vcighl itwcascs ill wllcs IIUS 311191 
only 

._ I.ivcr lncrcascd wcighl I Ill/U I 3/3 1193 

. . . . . . _. 

._ ._ . . __ 

1. . . __ -. 

I1011 I~ilialaliol~ Chronic NA ._ __ _- . . 

Oral Chrmic 3,0[.-()1 ._ ._ ._ ._ 

Subchronic ),OE-()l ._ _- _- __ 
---- __---~ _______ 
hhlgancsc Inhalalion Chronic I .4E-OS t (100 I htcdiuw ._ 

hlclll:/lcnc chloride 

Nickel, soluble sdls 

Old Chronic 

Subcbrotlic 

It~ldalio~~ Cllronic 

Oral Chronic 

Subchroni: 

l~~balnlion Chronic 

2 Ol.-02 3 I hlcditm 

2 CE.0-J ._ .- __ 

8.1E-01 100 -- .- 

6.OE-02 100 I hlcdiuw 

b.OE-02 100 -- -_ 

N,, __ .- ._ 

._ 

. 

I.ivcr 

Liver 

Liver 

__ 

CNS cflec~s 

._ 

_--. 
Liver loxicily 

Liver loxicily 

Liver loxicily 

._ 

IKIS I l/l/95 

Chr. Oral 
IW 

t ms r 

IRIS 3/l/88 

t lEASI 
------__ 

__ 

Abb~cvialiom used: NCEA: National CCIIIC~ lor linv ronnmllal Asscssrw~~l; IIEAST: EPA’S ttcallh Erccls Asscss~nc~~l Su~mmry l‘abtcs; I <IS: 
WA’s lnlcgralcd Kirk Inrorrnali~m Sys~cm database; HA: Nol Available 
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Table S-23 

Toxicity Estimates Tot- Noncarciuogenic Eflecb for (IIS lhiubridge Naval'I‘r;~ining Ccnlcr, Port I)clwsil, M:lrylitlltl 
-______-- ---__________- _~_. _----_ ~__--_ - .______-__ 

llererence COIII-I- Itefcr- 
Exposure llore Il,jccrt Mud dence ence 

Chclll!cnl Itoute ltfl) 'l‘ype (wglkg-day) Factor Factor Level 1'8rgelOrgan Critical EfCect Source Ihle 

NICIXI, soluble s;ilts Or&II Chtoilic 2 UE-02 300 I hlcdiwn Whole body Ikcreased body and organ IIUS Ill/92 
wcigllls 

Subchronic 2 OE.02 300 .’ -. ‘Whole body Ilccrcnsed weigh\ I IEASI 5131195 
-___ _--- ~. -. 

l‘eltscl~loroellia~~, 1.1,2.2- Inhalaliw~ Clmmic N* _. . . -_ _. ._ ._ 

Old Chrwlic NA __ -. . . __ .- _. 

Subchroflic NA ._ .- -_ __ __ _- 

Chronic : OE-OS 3000 ‘- -. Liver Increased \cvcls 0CSCiW and 
1.1~1 I 

INS 91 I190 

Subchronic 7 oII.04 300 .* -. Liver lrwcased SWT, atid LDII, 
Alopecia 

I IIIAS’I’ s/3 119s 

- 
lddaliou Chronic N/\ __ . . -- . . _- .- 

Oral Chronic N/j . . . . _. __ __ _- 

Or al Chronic 7 Oli-03 IO0 -- -. ._ _- I IEAS’I 

I OK-03 100 .. -- _. _. I IliAS’I 



; 
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A = Estlmatr Irom data in Recommended Dietary Allowances (NRC 19X9). 
B = Estlmntc from data in ATSDR Toxicological Profile. 
C = Assumed. Aluminum IS poorly absorbed through the til tract (A ISUK IYYL). 
D = IRIS(EP.4 1995b3. 
E = ECAO (EP.4 1993h). Recommended oral absorption values. 
F = IRIS. Cppcr end of range ofnbsorption rcportcd for dietary manganese. 

C = ECAO (EP.A l993h). Middle of range rcportcd for oral absorption of soluble nickel salts. 

COPC = Chemical Potential Concern. 
RID = Reference dose. 

SF - Slope t‘actor. 
- = None awl;lble. 
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Table.525 

SUhlMAIiY OF CANCER RISKS ASSOCIATEI) WI’I’II TIIE 
IiAINI~ItII)GE N’I‘C - REASONA13L>E RIAXIMLJM EXI’OSUI1ES 

Scen.ario 

cite I: Old t.andfiII 

Receptor 
Estimated 

Cancer Risk 
Risk Conlribution 

by Route 
Risk Cuntribulion 

by Chemical 

Adolcscrnl 3. I E-06 tkrniat ;Ibsorpliwi - 86% 
Sed~rnenl ingeslion - 14% 

13crylliuni - t7% 
CarclllogrnlL I’AI Is - 9% 

Arsciiic - 4% 

llrsdcnlial gro.lnJ\\atrr Use Adull 7.8E-05 Water IngestIon - 69?b Vinyl chturidc - 26% 
Yapor inhalation - 16% Arsclllc - 23% 
Dcrnial absorption - 15% Ucryltium - !I?& 

CIiloroforn~ . 8% 
t-1(2-~ll~ylhexyl)pl~lhalace - 7% 
t,J-t)iclllorubellzcne - 6% 
I cplachlor -JO,& 
Irichtoroelhenc - 2% 

Chlllt 2 9E-05 bValcr ingedon - 88?b 
.Icrniat absurplion - I ??b 

Arsenic - 30% 
Yin) I Ctoride - 25% 
ticq Ilium - 25% 
t~i(2-~lhylll~xyl)t~l~ll~alalr - 7% 
I,~-t)ichlor~~b~iizcIlc - 79,; 
Ilcplochtor 3% 
Ir~chloruclherie - 1% 

Silt 2: Fire Training Area 

t<rcrealional tL\pusurc lo 
Sedinienl 

t<~~~Jsnl~al I:xposure lo Soil 

I 3E-06 

3 311-06 

t)crnw1 abwrpllon - 95% 
Stxtinicnl ingestion - 5% 

Suit 1ngcsl10n - 59% 
t)srmal ab:~ort~llon - -11% 

Ocryll1un~ - 97% 
Arsenic - 3% 

Arsenic - ICO?; 

Child I 8E-6 Sot1 ingest on - 75% 
t)srni;~l abrorpllon - 25% 

hrssnic - tCO% 
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Table 5-25 

SUhlMARY OF CANCER RISKS ASSOCIA’TED WIT11 TIiE 
BAINBIt1I)CE NTC - REASONABLE MAXIMUM EXI’OSURES 

Estimated Risk Con(ributioo Risk Contribution 
Scenario Heceplor Cancer Risk by Route by Chernicsl 

I<csidenlial Grcurrdwarer Use Aduh 5.4E-04 Water ingeslron - 78Yb Carcinogenic I’AI Is - 50% 
Vapor rnhalation - I3?$ Ikryllium - 36% 
Dermal absorption - 9% I 1,2,2-‘l’r~rachloroethane - 5% 

Arsenic - 4% 
Al&in - 2% 
Chloroform 2% 

Child 2.OE-0-l NaIeringcs.ion - 99?b 
Dermal absxprion - I?/0 

Carcinogenic PAlIs - 51% 
tkryllium - 37% 
Arsenic - 5% 
I, I ,2,2-~felr~chlorosrlianr - 3% 
Al&in - 1% 
Chloroform - I% 

I’AI Is = I’oI)nuclcar arurnaric hydrocarbons. 

Nok: Ihis rable presrnrs trrwer-bound esrirnares of rd, \\bich \verc derived using conscrvarive assumptions See discussions of these risk estimales 111 

Scclions 5 5 2 I ml 5 5 2 2. 



Table 5-26 

SUhlhlARY OF NON-CANCER RISKS ASSOCIATEI) ~VI’I‘II TIIE 
IiAiNI~I<II)GE NTC - REASONABLE hlAXIlMUh1 ISXPOSUI<I;S 

Scenario 

Gitc I: Old l,andfiII 

Receptor 
Estimarcd Risk C‘onlribuliun 

Non Cancer Risk by I~oule 

0 I4 

I6 

IJermal abrorptwn - 78?b 
Scdlnlcnl Inge5liun - ?7-?& 

\\‘arer ingesliun - 92?0 
Vapor inbalaliori - 5% 
Uermal absorption - 30/b 

- 

Al.lllgal1csc - 9 8 

Iron - 2.3 
.\nlimony - 2. I 
L‘hlurubenzene - 0 9 
1 tlilllllllll - 0.4 

Child 35 Wawr ingcsriun - 989; 
IIermul abwrpriun - 2% 

,Llanganese - 23 
,run - 5 3 
.Amimony - 4.9 
I tlalllulll - 11 9 

L‘hloroben~ene - 0.4 

Site 2: Fire ‘fraining Area 

Recreational LAposurr Ic ,\dulwxllt 0 035 lkr tnill Asuipliun - TO”,: - 

Sediment Sed~msnt ngesliun - 24% 

I~cs~dcntial Ll\pusure lo Suit AJull/ctllld 1.3 Uermat absurplion - 710/u - 
Suit Ingestion - 29% 

Child 28 Dermal absorption - j3% 
Soil inges ion - 47% 

Iron - I.5 

I<esldcntiat Grourd\~aler Use Adull I6 Water ing:sliun - 9796 h4;mgnnese - 7.7 
Drrmal a~sorplion - 3% Iroll 7 4 

ctllld 37 Waler ingsslion - 9896 Mangallcse - I8 
Dernlal absorption - 2% Iron - I7 

Nule: ‘I his Iable preserrs uaner-bound eslimales of risk which were derived using coilscrvatlve asswrptions. See discussiurs of these risk eslimatcs in 
Secrwrls 5.5 2.1 311d 5.5.2.2. 
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Table 5-27 

COMPARISON OF REASONABLE MAXIMUM EXPOSURE AND 
CENTRAL TENDENCY EXPOSURE CASES 

RESIDENTIAL GROUNDWATER USE 
ADULT RECEPTOR 

ExposurcCnscs 

RME CT CT/RME 

Drinking Water Ingestion 

lngcst~on ratr (L/day) 2 I.J3 0 

Dermal Absorption While Shnwrring 

Skin xca (cm’) 20.000 10.OOob I .I 

Fuposurr tlmr thr) 0.25 0.16ib 0.66’ 

Vapor Inhalation from Showering 

Inhalation rate (4 mm) 1-l I OK 0.7 

Exposure time (inmutes) ‘0 l3d 0.6. 

All Routes 

Exposure tkqucncy (dayiycar) 350 350” I.( 

Exposure dumtion (years) 30 9:’ 0.: 

Site 1: Old Landfill 

Esrrmatcd cancer risk ?d I SC5 0.2 

Esrimatcd HI mangnncsc 9.x 0.X 07 

Estlmatcd HI iron 2.3 16 0 7 

Estlmatcd HI anlimony 2. I I 5 0.7 

Estlmatcd HI thallium 0.4 03 0.7 

Estimated HI chlorobcnzcne 0.9 0.3 0.3 

Site 2: Fire Training Area 

,stlmalcd cnnccr risk 5.4E-J I OE-J 0’ 

Zstlmntcd HI Iron 74 52 0 7 

:StltllXKd k!I Ill~lIlPiXlKSK 77 54 0 7 

” Obtained from EPA 1993f. 
b Obtained from EPA 1992~. 
’ 
J 

lnhalatlon rate for light activity, obtained from EPA 19S9b. 
Shower time of IO minutes plus 3 minutes drying time. 

Key: 

RME = Rcnsonablc Mcuimum Exposure. 

CT = Central Tendency. 
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6 Desktop Ecological Risk Assessment 

6.1 Problem Formulation 
The United States Department of the Interior, Fish and Wildlife Service (FWS), 

prepared the Desktop Ecological Risk Assessment for Bainbridge Naval Training Center (NTC). 

The full report was created as a stand-alone document, which is incorporated into the RI report as 

Appendix P. 

The assessment used all data collected at the Center both before and during the RI, but 

all locations that have been remediated during the Interim Remedial Actions at Sites 1 and 2 

were remnved frnm risk analysis. For example, no sampling sites lying under the newly installed 

landfill cap were considered for ecological risk, neither were sediment sampling sites at Site 2 

considered. in areas where the sediments were removed and confirmation sampling occurred. 

Maximum concentrations of each contaminant in each medium (surface water, sediment, 

and soil) were used to perform a screening ecological risk assessment (ERA). The screening 

level ERA was used to select Contaminants of Potential Concern (COPCs) at each site, and these 

were carried through for further analysis in the risk assessment. Protection of benthic 

invertebrates, fish, piscivorus birds, and omnivorous mammals were selected as assessment end- 

points. 

6.2 Exposure Characterization 
Exposure characterization determined which pathways and media may result in exposure 

to site contaminants. For the Old Landfill Site (Site l), the areas of concern are the two unnamed 

streams that flank the landfill to the west and east, respectively, and which converge southwest of 

the landfill. For the Fire Training Area (Site 2), the areas of concern are the forested wetland 
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where pesticide contaminated soil and sediment were removed; the swales leading from the oil 

separator pit and the stream, Happy Valley Branch itself. 

Assessment endpoints were selected on the basis of the habitat types present at the sites. 

Four assessment endpoints were selected: 

l protection of benthic invertebrate communities; 

0 protection of fish communities; 

l protection of birds that feed on aquatic life; and 

l prorection uf omnivorous mammals. 

Dascd on a site-specific conceptual model, the following pathways we~x evaluated. 

I. Benthic inrrertebmtes 
Direct contact with water 
Direct contact with sediment 
Ingestion of sediment 

2. Fish 
Direct contact with water 
Direct contact with sediment 
Ingestion of sediment 

3. Piscivorus birds (kingfisher) 
Ingestion of water 
Ingestion of sediment 
Ingestion of fish and invertebrates 

3. Omnivorous mammals (raccoon) 
Ingestion of water 
Ingestion of sediment 
Ingestion of fish and invertebrates 

For the protection of benthic invertebrate communities. sediment contaminant levels 

were compared agamst benchmarks such as the effects range-low (ER-L) and effects range- 

medium (ER-M) of Long and Morgan (199 I ); and threshold affect levels (TEL), and probable 

effect levels (PEL) (Smith et. al 1996). Surface water cunccntlations were cumpared to the state 

and federal ambient water quality criteria (AWQC). 

For the protection of fish communities, surface water contaminant concentrations were 

compared to the state and federal AWQC. For the protection of piscivorus birds, a food chain 

model was used. The model requires data on the concentrations obtained by the bird through diet 

6-2 



and ingestion of water. Because there were no fish residue data, it was assumed that the 

maximum sediment contaminant concentrations were equivalent to the fish residue contaminant 

concentrations. The maximum water concentration was used for determining the amount 

obtained through drinking. The kingfisher was used as an example of a piscivorus bird. A 

similar food chain accumulation model was used for omnivorous mammals, with the raccoon 

used as an example. Life history data on these species are provided in the Complete Ecological 

Risk Report, Appendix P, to justify their use in the models. 

Life history infomatlon on the receptor specres IS provided 10 support the use of these specres as 

examples for food chain analyses. 

6.3 Assumptions 

The following assumptions were made: 

I. Maximum concentrations in all media were used; 

2. Contaminants in the media were assumed to be 100 percent bioavailable; 

3. Diet&y composition was obtained from the literature but for screening purposes the 
receptors were presumed to consume 100 percent sediment; i.e. the whole body fish 
concentration was equal to the maximum sediment level. 

3. IUU percent area use factor was assumed; 

5. For the food chain models, the lowest reported body-weight and the highest reported 
ingestion rates were assu~~~ed. 

6. Chronic toxicity values were derived from the literature or median lethal doses 
(LD50) were used. A factor of 100 was used to convert an LD50 to the No 
Observable Adverse Effect level (NOAEL); and a factor of 10 was used to convert a 
Lowest Observable Adverse Effect Level (LOAEL) to a NOAEL. 

7. Toxicity values reported as ppm in the diet were converted to a daily intake (mg/kg 
body wtlday). 

6.4 Risk Characterization 
Using the above assumptions, potential risks to receptors were identified at both Site ,I 

and Site 2. 

6-3 



6.4.1 Risks to Benthic invertebrates 

The maximum sediment contaminant concentrations exceeded guidance values in a 

number of sediment samples at Site 1, specifically in sample Pl -SD-7, -9. - 11, and - 18. 

Surface water also exceeded AWQC at Site I, especially in PI-SW-8 and -I 1. 

At Site 2, no sediments exceeded the sediment guidance values for which adverse 

biological effects are frequently observed. 

Surface water concentrations at Site 2 exceeded the AWQC both for l-hour (acute) 

exposure and for the chronic (4-day) criteria. although the sample with the highest concentration 

(P2-SW-6), is from an area that has since been remediated. 

6.4.2 Risks To Fish 

At Site 1, several samples exceeded AWQC as did the water sampled from Happy 

Valley Branch at Site 2. 

6.4.3 Risks to Piscivorus Birds 

At Site I; use of the food chain models resulted in hazard quotients equal fo or greater 

than one for the following chemicals: PAHs, alpha- and gamma-chlordane, aluminum, cadmium, 

copper, lead, mercury, and zine. At Site 2, for the following chemicals, the hazard quotients 

were equal to or greater than one: 4.4.-DDE, aluminum, copper. and lead. 

6.4.4 Risks to Omnivorous Mammals 

At Site 1, for the following chemicals, the hazard quotients were equal to or greater than 

one: PAHs, aluminum, chromium, copper, lead, manganese, and mercury. At Site 2, for the 

following chemicals, the hazard quotients were equal to or greater than one: aluminum, 

chromium, copper, lead, and manganese. 

6.5 Uncertainty Analysis 

Reliance on a comparison to guidance values and criteria instead of toxicity tests creates 

considerable uncertamty m the estimation of risk. There are also uncertainties associated with 

the measurement of chemicals in surface water (especially unfiltered ones), which fluctuate with 

flow and precipitation. 
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Chemical data were collected in 199 I and 1994 prior to the implementation of Interim 

Remedial Measures (IRMs). This could have had significant effects on all sampling locations 

except the one background location. 

Many factors in the food chain analyses lead to uncertainty. The conservative 

assumptions used and the use of the lowest toxicological reference values all tend to minimize 

the possibility of understating that an ecological risk exists. 

Other assumptions in the food chain analyses contribute to uncertainty but do not 

necessarily bias the results. Literature values for related but not identical species, the presence of 

multiple contaminants, and the overall level of environmental stress may make a particular 

species more or less susceptible to chemical exposure. There are also few data on the amount of 

sediments ingested by wildlife, again adding uncertainty to the analysis. 

6.6 Conclusions 

A separate risk management memorandum will be prepared and used to facilitate 

discussions among the regulators. 

6.6.1 Risks to Benthic Life 

6.6.1.1 Old Landfill 

Several sediment samples had multiple chemicals at concentrations that are frequently 

associated with adverse biological effects. In addition, surface water concentrations in several 

locations exceeded state and federal criteria. Thus, based on the 199 I and 1994 sampling data, it 

is likely that the sediment and surface water chemical concentrations pose risks to benthic 

organisms. .4s stated above, however, present sediment and surface water concentrations in at 

least some of the sampling locations may have been reduced by the remedial actions conducted 

in 1994-95. 

6.6.1.2 Fire Training Area 

In general, chemicals were not detected at concentrations in sediments that are 

frequently associated with adverse biological effects on benthos. Chemicals in several surface 

’ water samples slightly exceed state and federal criteria but the comparisons are highly 

conset-vatrve due to the use of total rather than dissolved samples. Thus, it is unlikely that 

surface water and sediment chemicals in Happy Valley Branch pose risks to benthos. 
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6.6.2 Risks to Fish 

6.6.2.1 Old Landfill 

Based on the 199 I and 1994 surface water data, there are several sample locations where 

l-hour (acute) criteria were exceeded for multiple chemicals. However, the chemical data are 

based on unfiltered samples, which may overestimate the bioavailable fraction. In addition it is 

possible, that the concentrations measured in 1991 and 1994 have been reduced by the remedial 

actions. Nonetheless, application of conservative assumptions suggests that exposures of aquatic 

life. including fish, to these chemical concentrations is likely to pose risks. 

6.6.2.2 Fire Training Area 

There were few exceedances of AWQC in Happy Valley Branch. In view of the 

measurement of whole rather than filtered samples and the possibility that concentrations may 

have been reduced by the interim remedial actions, it is unlikely that fish are at risk. 

6.6.3 Risks to Piscivorus Birds 

6.6.3.1 Old’ Landfill 

Based on the food chain modeling, which includes considerable uncertainties, there 

appears to be some potential for risks to piscivorus birds. HQ values, based on the maximum 

sediment and water concentrations. were less than four for nine PAHs, and approximately four to 

six for two chlordane isomers. HQ values for six metals were greater than one, ranging from 2.5 

(cadmium) to 343 (lead). 

6.6.3.2 Fire Training Area 

Based on the food chain modeling, which includes considerable uncertainties, there 

appears to be some potential for risks to piscivorus birds. HQ values, based on the food chain 

screening analysis with maximum sediment and water concentrations. were 1 .O for 4,4’-DDE, 12 

for aluminum, 10 for copper. and 32 for lead. 

6.6.4 Risks to Omnivorous Mammals 

6.6.4.1 Old Landfill 

Based on the food chain modeling, which includes considerable uncertainties, there 

appears to be some potential for risks to omnivorous mammals. HQ values, based on the 
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maximum sediment and water concentrations, were 1.3- 12 for thirteen PAHs, 22 1 for aluminum, 

36 for chromium, 6.5 for 323 for lead, copper, 539 for and manganese 2.4 for mercury. 

6.6.4.2 Fire Training Area 

Based on the food chain modeling, which includes considerable uncertainties, there 

appears to be some potential for risks to omnivorous mammals. HQ values, based on the 

maximum sediment and water concentrations, were greater than one for aluminum (84), 

chromium (6.7) copper (1. I), lead (30) and manganese (69). 
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7 Conclusions and Recommendations 

The wo sites identified by the Navy; Site I, the Old Landfill and Site 2, the former Fire 

Training Area, both showed contamination at levels which required remediation. 

At Site I, it appears that pesticides, PAHs, and VOCs have migrated into groundwater 

and into the adjacent streams to the southeast and to the west. At Site 2, petroleum-related 

contamination had impacted soil, groundwarer, and the adjoining srream. Ihe Happy Valley 

Branch. An adjoining wetland was found to be substantially contaminated with pesticides 

(mainly DDD, DDE. and DDT). 

Interim Remedial Measures (IRMs) were undertaken ar both sites. Ar Site I, the extent 

of landfill waste was defined and the waste material consolidated under an engineered cover. At 

Site 7, the contaminated soil and sediment was excavated and removed from the site fur dispusal 

at Site I. 

A human health risk assessment and a separate ecoiogical risk assessmenr were 

performed for both sites. Only samples from areas not affected by the IRMs were used for the 

risk assessment. 

There are no water supply wells. public or private, in the areas impacted by either site, 

but groundwater exposure risk was calculated for pusbiblr futurr uxxs. 

Based on the nature and size of the streams adjacent to Sites I and 2, surface water 

exposure was eliminared as a possible pathway during screrlling analysis fork human health 

effects. 

Health effects estimated for the: maximum levels found at Site I exceeded the IHazard 

Index of I for future potential use ofgroundwater. This is a level at which adverse health effects 
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are possible. In this case, the HI is based on ingestion of manganese, iron, and antimony, the 

first two being clearly site-related. 

The calculated lifetime risk of cancer from ingestion of groundwater at Site 2 exceeds 

10’. It is primarily due to carcinogenic PAHs found in one well, 2-CW-8, and to beryllium. The 

HI is also much greater than 1, primarily due to ingestion of iron and manganese. 

Major portions of the estimated cancer risks at these two sites are due to arsenic and 

beryllium, but at Site 2, the soil level of arsenic is no greater than typical background levels. The 

cancer risk from exposure to sediments is largely due to beryllium, which is also within typical 

background levels. 

Cancer risks from groundwater at both sites were also due in large part (~40 percent) to 

arsenic and beryllium. The arsenic detections reported in site wells are similar to the average 

arsenic content of U.S. groundwater and tap water, and well below the EPA MCL in drinking 

water. Beryllium levels in groundwater were similar to background at Site 1 and elevated 

compared to background at Site 2. Only one reading in the on-site wells exceeded the USEPA 

MCL for beryllium in drinking water, 4 pg/L. While the major factors driving the estimated site 

risks are the possible use of groundwater as a future drinking water source, there is no evidence 

that existing wells have been affected. 

Uncertainties related to the methods used in toxicity assessment, carcinogenicity 

evaluation, non-carcinogenic toxicity, route-to-route extrapolation of reference doses, exposure 

assessment, and the design and execution of the RI sampling all add to the uncertainty in the 

estimation of human health risks. 

The cumulative effect of using conservative assumptions throughout the process, and the 

issue of how likely it is that postulated exposure will occur, means that the true risks are much 

more likely to be overestimated than underestimated. 

The results of the ecological risk assessment suggest that there may be potential risks to 

benthic invertebrates. fish, and upper trophic predators (birds and mammals) at Site 1 and 

potential risks to birds and mammals at Site 2. However, there is considerable uncertainty 

associated with this risk assessment. One major source of uncertainty is whether the I99 I and 

I 994 chemical data collected prior to the Interim Remedial Action represent current conditions 

at the site. 

Both sites should be the subject of a Feasibility Study to consider remedial measures to 

reduce those remaining risks not directly addressed by the IRMs. 
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